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WASSERHAUSHALT UND AUSTROCKNUNGSRESISTENZ 
VON SESELI LEUCOSPERMUM 
UND S. OSSEUM IM PLATTENSEE-OBERLAND 

Von 

L. Almàdi 

LANDWIRTSCHAFTLICHE UNIVERSITÀT KESZTHELY, LEHRSTUHL FtiR BOTANIK 
(Eingegangen: 29. Aprii 1977) 


Wasserhaushaltsuntersuchungen vvurden im Gelànde mit Hilfe der Bestiminung 
des Wassersàttigungsdefizits durchgefùhrt. Die untersuchten Arten leben auf oft aus- 
trocknenden Bòden und sind daher in der Lage, die starke Belastung ihres Wasser- 
haushaltes in Trockenperioden zu ertragen. 

Ziel der Untersuchungen war die Feststellung des subletalen Wasserdefizits 
beider Arten sowie der Gestaltung ihres Wasserhaushalts wàhrend der Vegetations- 
periode. Neben dein Verlauf der aktuellen Sàttigungsdefizitc wurdc auch die Transpira- 
tion gemessen. 

Das subletale Wassersattigungsdefizit der endemischen Art Seseli leucospcrmum 
(Apiaceae ) schwankte zwischen 60—68%. Der Verlauf der aktuellen WSD der Art 
zeigt, dall deren Werte im Falle ausreichender Wasserversorgung bei 3—12% bleiben. 
Bei Bodenaustrocknung konnten auch wesentlich hòhere WSD gemessen werden. 

Die Art transpiriert lebhaft. Bei guter Wasserversorgung kann ein zweigipfeliger 
Transpirations-Tagesgang festgestcllt werden. Die Art ist in der Lage, ihre Transpira- 
tion in trockenen Perioden sehr stark einzuschranken (als Grenzwert wurden 4,4% 
gemessen). 

Seseli osseum ist mit subletalen WSD von 72—77% eine sehr austrocknungs- 
resistente Art. Die Jahres- und Tagesgànge der aktuellen Wasserdefizite der Art zeigen, 
daB diese zalilenmaBig stets die an ahnlichem Standort gemessenen Werte der obigen 
Art iiberschreiten. Die Werte schwankten zwischen 10 und 50%, wobei die obersten 
Werte durch die Wirkung der Trockenheit entstanden. 

Die Art transpiriert lebhaft. Bei guter Wasserversorgung bleibt der Tagesgang 
der Transpiration mehr oder weniger im Verhàltnis mit der Evaporation. Die Transpira- 
tion verflacht auf austrocknendein Boden und bei schlechter Wasserversorgung. Die 
Art ist zu einer wirksamen Transpirationseinschriiiikung fiihig. 


1. Einleitung 

Seseli leucospermum W. et K. ( Apiaceae ) ist eine endemische Art der 
ungarischen Flora. Ihre Verbreitung beschrànkt sich auf den westlichen Teil 
des Ungarischen Mittelgehirges. Die Art kommt von Keszthely bis zum 
Naszàly-Berg auf meist flachgriindigem Boden, iiberwiegend in den Pflanzen- 
gesellschaften von auf Dolomit entstandenen Rendzina-Standorten vor. 

Es liandelt sich um eine fiir Dolomit-Trockenrasen typische Art. Ihre 
Bliitezeit liegt im Juli, die Reifezeit dagegen im Ilerbst, und deshalb ist sie 
in den trockenen Sommerperioden regelmàflig den schàdlichen Wirkungen 
der Trockenheit ausgesetzt. 

Der Verbreitungsschwerpunkt von S. osseum Cr. beschrànkt sich eben- 
falls im wesentlichen auf Ungarn, obwohl diese Art auch an mehreren Stellen 
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in benachbarten Làndern und Florenbezirken auftritt. Die Art zieht sich von 
den Dolomit-Trockenrasen bis in trockene Eichenwàlder und oft sogar bis 
ari den Rand von Kastanienwàldern und auf sandige Rasen. Ihre Friichte 
reifen eher als die der oben beschriebenen Art, aber auch S. osseum erleidet 
deutlich eine bedeutende Inanspruchnahme durch die Trockenheit. Die Arieti 
flachgrundiger Dolomit-Trockenrasen liaben unterschiedliche Fàhigkeiten, die 
trockene Jahreszeit zu ertragen; einzelne weichen den Trockenheitswirkungen 
aus, andere — so auch die untersuchten Arten — sind in der Lage, die Folgen 
der Bodenaustrocknung zu ertragen (Larcher 1973). In siidmàhrischen 
Trockenrasengesellschaften stellte Rychnovskà (1966, 1975) bei Stipa -Arten 
ini Falle extremer Trockenheit eine wirksame Senkung der Transpiration und 
einc nur inàBige Erhohung der Wassersàttigungsdefizite (kurz: WSD) fest. 
Àhnliche Ergehnisse erzielte auch Florineth (1974) in Siidtirol. 

An diese Untersuchungen schlieBt sich vorliegende Arbeit iiber die 
beiden genannten, an trockenen Hàngen des Ungarischen Mittelgebirges vor- 
kommenden und die Trockenheit gut ertragenden Arten an. 

Andererseits schliefìen sich die Untersuchungen an von Stocker (1929, 
1933) und Magyar (1930, 1936) begonnene Arboitcn an. Stocker untersuchte 
die Pflanzen von Kurzra§engesellschaften auf Szikbòden, Magyar (1936) 
dagegen Arten, die ftir die Sandgebiete der GroBen Ungarischen Tiefebene 
charakteristisch sind. Ungarns trockenstes Gebiet befindet sich im Tiefland, 
doch sind auch die Rendzinabòden des Mittelgebirges besondcrs gut geeignete 
Gebiete zur Untersuchung der Wirkungen extremer Trockenheit. 

Ein weiteres Ziel der Untersuchungen war die Bestimmung autokologi- 
scher Charakteristika des Wasserhaushalts beider Arten wie des subletalen 
Wassersàttigungsdefizits, des Ganges des aktuellen WSD, der Transpirations- 
intensitàt und deren Abnahme unter Standortsbedingungen. 


2. Material und Methoden 

Die Untersuchungen wurden im Keszthelyer Gebirge, hauptsàchlich ain SW-Hang 
des Lóberges (191 m u. d. M.) durchgefiihrt. Der SW-Hang des Lóberges liegt iiber der Ort- 
schaft Gyenesdiàs dem Plattensee direkt gegeniiber, wobei sich der erwàhnte Standort fast 
90 m iiber dem Wasserspiegel des Plattensees befindet. 

Auf dem Kamm des Hiigelzuges konimt Seseli leucospermum in offencn Stellen von 
Festuca-Rasen vor, wàhrend S. osseum die Standorte in unmittelbarer Nahe von Quercus 
pubescens- Fraxinus ornus-Buschwaldern vorzieht. 

Die Untersuchungen wurden im Jahre 1975 in erstcr Linie init S. leucospermum. 1976 
dagegen parallel mit beiden Arten durchgefiihrt. Der Sommer des Jahres 1975 war aufgrund 
der Angaben der Meteorologischen Station Keszthely im wesentlichen gleichmiiBig nieder- 
schlagsreich und maBig warm. Die Monate Juni und Juli des Jahres 1976 waren hingegen 
sehr trocken und warm. 

Zur Messung des Wassersàttigungsdefizits wurde eine transportable Torsionswaage 
mit einer Genauigkeit von 0,1 mg benutzt. Im Laufe der Arbeit stellte die Wàgung der aus 
fadenfòrmigen Zipfcln bestehenden Fiederblàttcr wegen ihrer gespreizten Stellung eine 
Schwierigkeit dar. Aus diesem Grunde wurde im allgeineinen mit einem Blattdrittel gearbeitet. 
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desten rateile Wàgung mòglich war. Desten Gewieht lag zwischen SO und ISO mg. Bei Seseli 
osseum wurden ctwas gròBcre Blattstuekchcn mit cinem Gewieht von 100 300 mg verwendet. 

Die Messuiigcn wurden ini wesentlichcn naeh Stocker (1929) und Barrs (1968) durchgefuhrt. 
Die so vorbereiteten Blattdrittel wurden durch die Blattstielc mit Wasser aufgesàttigt. dcshalb 
steht diescs Verfaliren der »Ganzblattmethodc« nàher als der in der neueren Eiteratur oft 
angcwandten »Blattscheibenmethodc«. Als Feuchtckammcr wurden 130 nini lange biologische 
Heagensglàser mit einer etwa 1 cin hohen Wasserschicht verwendet. In dicscn Reagensglàsern 
befanden sieb aucb 1 cm breite Filterpapierstreifen, die die entsprechende Sàttigung der 
Kammer sicherten. Naeh Einfùhren der Blatter wurden die Heagensglàser fest versehlossen. 
Anhand der Voruntersuchungen zur Aufsàttigungsdauer wurden die allgemein iiblieben 24 
Stunden auf 12 Stunden abgekiirzt. Die Voruntersuchungen ergaben nàmlieh. daB bei dcn 
von uns untersuehten Blattstueken der meBbare rasche Aufsàttigungsabsehnitt innerhalb 
von 4 Stunden abgesehlossen ist. Zur Fcststellung des Wassergehaltes wurden die Blattstiieke 
bei 10S °C ini Trockenschrank getroeknet. 

Die Bestimmung des subletalen WSI) wurde naeh Oppenheimer (1963) vorgenommen, 
aber naeh Voruntersuchungen waren auch hier 12stiindige Auf- und Riicksàttigung ausreiehend. 
Die Austroeknung der Blatter geschah ini Arbeitszimmer auf Filterpapier. Vor der Rùek- 
sàttigung wurde der abgesehnittene Blattstiel zuriiekgewogen und Dei den Bereehnungen 
beriicksiehtigt. 

Die bei der Darstellung der Jahresgànge des WSD bcnutzten meteorologischen Datcn 
sind Messungen der Meteorologischen Station Keszthely. Zwischen MeBstclle und Meteorologi- 
scher Station liegt eine Entfernung von 5 km. 

Bei der Transpirationsmessung wurde die Momentanmethode naeh Stocker (19S6) 
verwendet. Die Expositionsdauer der Blatter in natiirlicher Lage betrug 2 Minuten. Die in 
mg angegebenen Transpirationswerte beziehen sieh auf 1000 mg Autgangswassergehalt. Naeh 
der Wàgung wurden die Blàttehen in ein Reagensglas eingefiihrt, und es wurde auch deren 
WSD zum Zeitpunkt des Abschneidens bestimmt. 

Die Messung von Temperatur und relativer Luftfeuchtigkeit wurde einen halbcn 
Mcter iiber dem Pflanzenbestand mit einem Assmann-Psychrometer durchgefuhrt. Die Eva- 
poration wurde mit grùnen Eilterpapierseheiben von 3 cm Durehmesser gemessen, ebenfalls 
einen halbcn Meter ùber dem Bestand. Die Werte auf dcn Abhildungen wurden naeh 
Ryc HNOVSKÀ (1966) auf 1000 mg feuchtes Filterpapier bezogen. 


3. Ergebnisse 

3.1. Subletales Wassersàttigungsdefizit 

Seseli leucosperrnum 

Die Untersuchungen der ersten Serie wurden zwischen dem 24. 4. und 
dem 16. 7. 1975 durchgefiirt. Je Pflanze wurde ein Blatt abgeschnitten und 
die Untersuchung in Serien von je 10 vorgenommen. Die Ergebnisse sind aus 
Griinden einer kurzeren Behandlung nicht dargestellt, ihre Werte sind folgende: 
(58) 61 (64) % (n = 114). Eine neue Untersuchungsserie wurde im Herbst des 
gleichen Jahres zwischen dem 25. 9. und 3. 8. an weniger Pflanzen durch¬ 
gefuhrt. Die Ergebnisse sind in Abbildung 1 dargestellt. Ab einem WSD von 
60% sinken die Riicksàttigungswerte; unter eine 90%ige Riicksàttigung fallen 
diese aber ersi naeh einem 68%igen WSD, so ist das WSD (63) 68 (75) %. 

Das Ergcbnis der zu Sommeranfang 1976 zum dritten Mal wiederholten 
Uniersuchung stimmt gut mit dem des vorhergehenden Jahres iibercin. 
Ergcbnis der zwischen dem 30. 5. und 28. 6. untersuehten Serie: (58) 60 (66) % 
(Abbildung 2). 
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Abb. 1. Diagramm der Rucksàttigungswerte. Abszisse: WSD. Ordinate: Riicksàttigung 
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Abb. 2. Diagramm der Riicksàttigungswerte. Abszisse: WSD. Ordinate: Riicksàttigung 



Den Ergebnissen aller drei Untersuchungen ist gemeinsam, daB die 
Riicksàttigungswerte bis zum Erreichen des subletalen WSD wenig um die 
bei 101 102% verlaufende Riicksàttigungsgerade streuen. Die sich daran 

anschlieBende, steil abfallende Gerade besteht dagegen nur aus stark streuen- 
den Punkten. Diese Streuung, die auch besonders bei der ersten, nicht dar- 
gestcllten Untersuchung auftrat, erlaubt die SchluBfolgerung, daB der Zusam- 
menhang wahrscheinlich nicht linear ist. Diese Erscheinung wurde auch von 
Oppenheimer (1963) bei Blàttern von Phillyrea beobachtet. 

Seseli osseum 

Die erste Untersuchung wurde am Sommerausgang und im Friihherbst 
1975, vom 5. 8. 19. 9. durchgefuhrt (Abbildung 3). Als subletales WSD kònnen 

(65) 72 (80) % angegeben werden. In cinem Falle betrug die Riicksàttigung 
nach cinem 80%igen WSD sogar noch immer 93% ! Die graphische Darstel- 
lung zeigt Àhnlichkeit mit der von S. leucospermum. 

Die zweite Untersuchung wurde am Anfang des trocken beginnenden 
Sommers 1976 vorgenommen (Abbildung 4). Der graphischen Darstellung kann 
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Abb. 3. Diagramm der Rucksattigungswerte. Abszisse: WSI). Ordinate: Riicksàttigung 



Abb. 4. Diagramm der Rucksattigungswerte. Abszisse: WSD. Ordinate: Riicksàttigung 

ein sdir liohes (77%) subletales WSD entnommen werden. Bei dieser Unter- 
suchung wird der fallende Abschnitt nur von einer geringeren Pflanzenzahl 
gebildet, weil die Untersuchungen innerhalb eines kiirzeren Zeitintervalls 
abgeschlossen werden sollten. Die subletalen WSD von S. osseum sind also 
eindeutig hòher als die Werte von S. leucospermum , die zn einem àhnlichen 
Zeitpunkt gemessen wurden. 

3.2. Jahresgang des Wassersàttigungsdefizits 

Untersiichiingen des WSD bei S. leucospermum waren ini Jahre 1975 
nicht bekannt, so war es Hauptziel bei der Aufnahine des Jahresganges, die 
Extremwerte der jàhrlichen Schwankung festzustellen. 

Auf Abbildung 5 sind mit einer durchgehenden Linie die 17 Nachmittags- 
maxirna verbunden, die taglieh zwisclien 13 und 14 Uhr gemessen wurden, 
wobei angenommen wurde, daB diese mehr oder weniger das Tagesmaximum 
darstellen. Die darunter verlaufende unterbrochene Linie verbindet die Werte 
von 5 Messungen, die morgens uin 6 Uhr durchgefuhrt wurden. Im Laufe des 
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Abb. 5. Gang des WSD wàhrend der Vegetationsperiode. Ausgezogene Linie: Wert von 14 Uhr. 
Gestrichelte Linie: Wert von 6 Uhr 


Sommers lagen diese Friihwerte mit Ausnahme dcs 1. Mai im allgeincinen uni 
2 — 3%. Das bestàtigt, daB sich in der Naclit die Tagcs-Wassersàttigungsdefizite 
von 8 12% ausgleichen. Der verhàltnismàBig hohe Wert von 4,8% am friihcn 

Morgen des 1. Mai kann durcli einen sturmartigen Wind erklàrt werden. Dieser 
Tag war einer der sturmischsten Tage des Jahres; die Windstàrke betrug 
10 21 m/sec. 

Der Yerlauf der Werte vom frùhen Nachmittag folgte bei den crsten 
12 Messungen dem Temperaturverlauf sebr gut. Seseli leucospermum litt auf 
dem flachgriindigen Rendzinaboden sichtbar nicht an Wasserinangel. 

Die maximalen Werte des Jabresganges von 8 12% erlauben die SchluB- 

folgerung, daB S. leucospermum seinen Wasserhaushalt sehr gut reguliert. 

Anhand des in der Vegetationsperiode gemeseenen subletalen WSD 
(61%) entsprechen die Tages-WSD von 8 12% einer 13 20%igen Belastung 

des Wasserhaushaltes. Der hòchste im Jahre 1975 gemessene Wert ist 18,8%, 
stellt auch nur eine 31 % ige Belastung dar. Das ist wegen der das vieljàhrige 
Mittel liberschreitenden Niederschlagssumme eine sehr màBige Inanspruch- 
nahme. Dazu kommt noch eine recht ausgeglichene Niederschlagsverteilung. 
In den Sommermonaten gali es lediglich 3 — 5 tàgige regenlose Abschnitte, 
was eine sehr giinstige Niederschlagsverteilung bedeutet. 

1976 wurden neben S. leucospermum gewachsene Exemplarc vonS. osscum 
in die Untersuchungen einbezogen, da diese unter dem Wassermangel deutlick 
stàrker litten. Die Angaben der Jahresmessungen 1976 (Abbildung 6) stanimeli 
teilweise aus Werten der Tagesgànge, von zwischen 13 und 14 Uhr durchgc- 


Acta Rolanica Academiae Scientiarum Hungaricae 24, 1978 




















WASSERHAUSHALT VON SESELI-ARTEN IM PLATTENSEE-OBERLAND 


7 



A M J J A 5 

Abb. 6. Gang des WSD wahrend dcr Vegctationsperiode (14 Uhr) 


fiihrten Messungen oder sind Mittelwerte besondercr Messungen. (Die Jahres- 
gangmessungen bestanden in diesem Jahr aus 12 Parallelmessungen.) Dieses 
Jahr war wesentlich trockener als das vorherige und auch trockener als das 
mehrjàhrige Mittel. 

Der Verlauf der Mittagsmaxima war schon Anfang Aprii hòher als ini 
Jahr 1975 und zeigte im Mai dem gleichen Monat des Jahres 1975 entsprechende 
Werte. Von Mitte Juni ab und den ganzen Juli hindurch fiel verhàltnismàBig 
geringer Niederschlag, und es war ziemlich warin. Infolge der Trockenheit 
litten die auf Rendzina gewachsenen Pflanzen immer stàrker unter der 
Trockenheit. Die Messungen bestàtigen den sehr sparsamen Wasserhaushalt 
von S. leucospermum. Am 2. Juli erreichte das WSD mit 49,7% seinen hòchsten 
Wert, was eine 83%ige Inanspruchnahme darstellt. Am 16. Juli betrug das 
WSD 36,5%, was eine 61%ige Inanspruchnahme bedeutet. Zu diesem Zeit- 
punkt war die Trockenheit arn gròBten, dieser Wert ist trotzdem etwas niedri- 
ger als der vorherige, weil er aus der Messung des Tagesganges vom 16. 7. 
stammt und so die gemessenen n 3 wesentlich niedriger sind als die ansonsten 
gemessenen n 12. Am 21. Juli fiel der erste Niederschlag, aber bereits nach 
dem 16. sanken auch die Mittagstemperaturen. Auch nach dem Regen màBig- 
sten sicli nur voriibergehend die àuBeren Zeichen der Trockenheit, die gemesse¬ 
nen WSD normalisierten sich erst gegen Ende August. 

Die Kurve von S. osseum verlàuft stets iiber der von S. leucospermum. 
Die Art ertràgt auch auBerlich sichtbar groBereWSD und sichert so ihre inten¬ 
sive Transpiration. Das Rekorddefizit betrug am 2. Juli 51,8%. Neben diesem 
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Mittelwert war der hòchste Extremwert gleichzeitig 65,4%. Der Mittelwert 
entspricht einer 67%igen, der Extremwert dagegen einer 85%igen Inanspruch- 
nahme bei einem auch sonst liohen subletalen WSD (77%) der Art! Bei den 
Blàttern von S. osseum bildeten sich im Juli und August solche WSD heraus 
(51,8 -43,7%), die die am Standort vorkommende obere Grenze der WSD 
von lebenden Blàttern darstellen. Kurve b zeigt bei den Stengelblàttern noch 
hòhere Werte als bei den Grundblàttern. 

3.3. Tagesgànge des Wassersdttigungsdefizits und der Transpiration 

In der Vegetationsperiode 1976 wurden auch Transpirationsmessungen 
durchgefùhrt, mit denen im Zusammenhang in jedem Falle auch das WSD 
der Blàtter festgestellt wurde. Von mehreren Messungstagen sollen hier die 
folgenden 5 vorgestellt werden: 11. 5., 9. 6., 29. 6., 5. 7. und 16. 7. Die Messun- 
gen vom 29. 6. und 5. 7. stellen nur einen kleinen Bruchteil des Tages dar, 
sollen hier aher trotzdem erwàhnt werden, da sie in den sich immer stàrker 
erhòhenden WSD die Wirkung der sich verstàrkenden Trockenheit selir gut 
veranschaulichen. Die Messung am 11.5. erfolgte nach warmen und trockenen 
Friililingstagen. Die tàglichen Temperaturmaxima lagen bei 25 °C, und 13 
Tage lang batte es nicht geregnet. Der Verlauf der WSD ist melir oder weniger 
flach. Die Pflanzen konnen ihren Wassermangel kontinuierlich kompensieren. 
Die Transpiration von S. leucospermum kann durch eine flache, zweigipfelige 
Kurve, die Transpiration von S. osseum dagegen durch eine einfach und iiber 
der ersten verlaufende Kurve beschrieben werden (Abbildung 7). Zur Vorge- 
schichte der Messung vom 9. 6. (Abbildung 8) muB bemerkt werden, daB am 
2. 6. 31 mm Niedersclilag fielen, worauf noch 3 Tage lang geringer Nieder- 
schlag fiel. 

Die Temperaturen stiegen von 6 auf iiber 20 °C. So war noch am 7. Tag 
nach dem bedeutenden Niederschlag geniigend Wasser im Boden. Der Verlauf 
der WSD verstàrkt auch diese Annahme; die WSD steigen nicht wesentlich. 
Die WSD von S. osseum sind auch hier eindeutig hòher als die von S. leuco¬ 
spermum. 

Fiir die Transpiration von S. leucospermum ist eine eigentiimlich zwei¬ 
gipfelige Kurve charakteristisch. Das Nachmittagsmaximum kann mit der 
Westhanglage erklàrt werden. S. osseum zeigt eine schwach verflachte, ein- 
fache Kurve. Die Hòhe der Werte weist darauf hin, daB beide in die Gruppe 
der sehr intensiv transpirierenden Arten gehòren. 

Nach dieser Messung wurde die Trockenheit immer stàrker. Die folgen¬ 
den unvollstàndigen Messungstage sollen lediglich das immer stàrkere Ansteigen 
der WSD und die Abnahme der Transpiration veranschaulichen (Abbildung 9). 

Am 16. 7. (Abbildung 10) war der Hang bereits hoffnungslos ausgetrock- 
net. Die Pflanzen waren stark gewelkt. Ziel der Messung war, diese die Trocken- 
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Abb. 7. Tagesgang (11. 5. 1976) der Transpiration und des WSD. a: 
Ausgezogene Linie: Temperatili-; Gestrichelte Linie: Rei. Luftfeuch- 
tigkeit; b: Ausgezogene Linie:Evaporation; c: Transpiration; 
Ausgezog. Linie: Seseli leucospermum ; Gestrichelte Linie: S. osseum; 
d: WSD Ausgezogene Linie: Seseli leucospermum; Gestrichelte 
Linie: Seseli osseum. 
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Abb. 8. Tagesgang (9. 6. 1976) der Transpiration und des 
WSD. Zeichenerklàrung s. Abb. 7 
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Abb. 9. Tagesgiinge (29. 6. 1976 und 5. 7. 1976) der Transpiration 
uiid des WSD. Zeichcncrklàrung s. Abb. 7 
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Abb. 10. Tagesgang (16. 7. 1976) der Transpiration und des WSD. 
Zeichenerklàrung s. Abb. 7 
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pcriode charakterisierenden Mcfiwertc als Vcrgleichsgrundlagc benutzen zu 
konnen. Die Trockenheit daucrte vom 27. 6. 21. 7. Eine Unterbrechuung 

steliten lediglieli Niederschlage von ungefàhr 1 mm dar, die infolge der hohen 
Temperaturen keinerlei Bedeutung hattcn. So zcigen die am 19. Tag der 
Trockenperiode gemessenen Daten sehr gut die vernichtende Wirkung der 
Trockenheit bei zwei der trockenresistentesten Arten auf Rcndzinaboden. 

Die WSD verlaufen bei S. osseum am Tace fast horizontal und zcigen 
Werte uni 45%. S . leucospermum zeigt dagegen noch immer einen schwachen 
Anstieg, was bedeutet, dall die Bliitter dieser Art iliren Wasservorrat im Laufe 
der Naclit in geringem Mafie verbessern. Die Transpirationswerte sind aufier- 
ordentlich nicdrig. Bei einem Vergleich mit den Mafidaten vom 9. 6. konnen 
die in der Tabelle angegebenen Aufmerksamkeit verdienenden Abfàlle betrach- 
tet werden. 


Tabelle 1 


Abnahme der Transpiration nach 19 làgiger Trockenheit (1976) 



.S. leucospermum 

»S. osseum 

Transp. vom 16. 7. in % dcrTransp. 



vom 9. 6. 

8,4 

11,0 

Transp. vom 16. 7. in % des Maxi- 



muins vom 9. 6. 

6,1 

9,3 

Maximum vom 9. 6. und Minimum 



vom 16. 7. 

4,4 

5,7 


4. Diskussion 

Begriff und Bestimmungsmethode dei subletalen Wassersàttigungs- 
defizits wurden von Oppenheimer (1963) im Jahre 1932 vorgeschlagen. 
Hòfler et al. (1941) fuhrten den Begriff des kritischcn Sàttigungsdefizits 
sovvie f’iir die iibcr diesem vcrlaufenden, aber noch reversiblen Riicksàttigungs- 
vverte die Bezeichnung subletales Defizit ein. Es erscheint als sclbstverstànd- 
lich, dafi die Riicksàttigung der gewelkten Bliitter bei den untersuchten Arten 
in einem einige Prozent breiten Bereich abreifit. Es ist deshalb schwierig, zu 
dessen Charakterisierung lediglieli einen cinzigen Prozcntwert zu benutzen. 
Zur Kennzeichnung des Abrisses der annàhernd horizontal verlaufenden rever¬ 
sibili Riickcàttigungswcrte wurden aus diesem Grunde aucli die Extremwerte 
in Klammern angegeben, z. B. (58) 60 (66) %. Zur Dar&tcllung der Ergebnisse 
lialten wir die Angabe der cinzelncn Mefiwerte fiir ausdrucksvoller als di<‘ 
Mittelwerte, wie das z. B. aucli der Auffassung von Bornkamm (1958) 
entspricht. 
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Bei den untersuchten Arten konnte eine Verànderung der subletalen 
WSD im Laufe der Vegetationsperiode festgestellt werden. Diese Feststellung 
stimmt mit den Ergebnissen von Arvidsson (1951) und Florineth (1974) 
iiberein. 

Die WSD-Gànge unterscheiden sich im niederschlagsreichen Vegetations- 
abschnitt 1975 und im trockenen Sommer 1976 vollstàndig voneinander. Die 
Friihdefizite von S. leucospermum sind im Falle guter Wasserversorgung 
relativ niedrig und liegen bei 2- 4%. Diese zeigten wàhrend der trockenen 
Periode des Jahres 1976 (z. B. am 16. 7.) ein ganz anderes Bild; hier wurden 
auch am Morgen relativ liohe Werte gefunden. Gleichzeitig zeigt S. osseum 
als Zeichen nodi schlechterer Wasserversorgung keinerlei Tagesschwankung. 

Die Hòhe der absoluten WSD verursachte allerdings eine gewisse Ent- 
tàuschung, da in der Literatur teilweise sehr hohe Belastungswerte zu finden 
sind (z. B. Hofler et al. 1941). In vorliegenden Untersuchungen wurden 
keine auffallend hohen Werte gefunden, obwohl die Pflanzen stark unter der 
Trockenlieit litten. S. osseum erlitt deutlicli siclitbar stàrkere Schàden, was 
aucli gut durch die hòheren WSD angezeigt wird. Im AnschluB an die Trocken- 
periode war bei 14,0% der Pflanzen der Stengel vertrocknet, wàhrend das 
bei S. leucospermum nur bei 5,1% der Fall war. Bei einer derartig hohen 
Inanspruchnahme wurde angenommen, dall die WSD in einzelnen Blàttern 
den Wert des subletalen WSD erreichen werden. Demgegeniiber betrug bei 
S. osseum das Maximum neben hohen Mittelwerten 65,4%. Diese Erscheinung 
kann damit erklàrt werden, daB die BIàtter vor Erreichen des subletalen WSD 
absterben. (Vertrocknende BIàtter wurden niclit in die Untersuchung ein- 
bezogen.) 

Anhand der Transpirationswerte gehòren beide Arten in die Gruppe der 
sehr intensiv transpirierenden Arten. Der auf 1000 mg Wassergehalt bezogene 
Transpirationswert wird benutzt, da dieser fiir Wasserhaushaltsuntersuchun- 
gen die anschaulichste Bereclinungsweise ist (Florineth 1974, Magyar 1936, 
RychnovskÀ 1966, 1975). Die Ergebnisse der Transpirationsuntersuchungen 
erhòhten in unserem Falle die Brauchbarkeit der aus den Wasserdefizitunter- 
suchungen zu ziehenden SchluBfolgerungen, wie das auch von Bornkamm 
(1958) festgestellt wurde. 
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This paper is a continuation of thc dissertaion entitled “Xylotomic study of 
endemie species from Cuba” started in 1976. Now thè authors present thè most impor- 
tant anatomical features of thè xylem, external morphology, occurrence and habitat 
of eight Cuban species, namely: Garrya fadyenii Hook. (Cornacene), Catalpa punclata 
Griseb. ssp. punctata ( Bignoniaceae ), Tabebuia lepidota (H.B.K.) Britt. ( Bignoniaceae ), 
Pera bumeliaefolia Griseb. ( Eiiphorbiaceae ), Trichilia hirta L. ( Meliaceae ), Guarea 
guidonia (L.) Sleumer ( Meliaceae ), Cupania glabra Sw. ( Sapindaceae ), Calophyllum 
untilianurti Britt. ( Clusiaceae). 


Materials and methods 

The eight tested species forni a part of a collection consisting of 23 samples which was 
brought to Budapest by M. Vales scientific research worker (Botanical Institute of thè 
Academy of Sciences of Cuba). Blocks of thè different woods were softened in an autoclave, 
then cross, tangential and radiai sections were obtained. The sections were dyed in an aqueous 
solution of thè microdyestuff of toluidin blue. The maceration of thc xylem was perfornied by 
thè Schulze’s method (Sàrkàny- Szalai 1964). 

Length of thè fibres and vessel elements, tangential and radiai diameters of thè vessels. 
width and height of thè medullary rays, and other features were measured (Babos and Vales 
1977). 

Minimum —maximum values for each anatomie feature of individuai species were 
calculated from 50 100 measurements. 

Suitably enlarged microphotographs were prepared of each section. 


Exterior morphology and occurrence 

Garrya fadyenii Hook. 

Shrul) or stilali tree up to 8 —10 m height. Branches 4-gonous, pubescent; 
leaves opposite, oblong-elliptic to lanceolate, 3—7 cm long, obtuse or mucronul- 
ate at thè apex, glabrous and shiny above, hairy beneath, when young. Iti- 
florescence amentiform, densely tomentose, male one 2—3 cm long, ramificate, 
female one up to 3 cm long, braets lanceolate. Male flowers: calyx 4-lobed, lobes 
linear, vai vate, connate at thè apex; petals 0, stamens 4, epipetalous, filaments 
free. Female flowers: calyx tube ovate with 2 short or inconspicuous opposite 
lobes; ovary unilocular, style 2; berry globose, black, shiny, glabrate, crowned 
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by thè persistent style, 1—2-spermous, 5—7 mm in diameter. Seeds compressed, 
oblong. 

This species is a very characteristic element of thè montane regions of thè 
Greater-Antilles, namely in Cuba, Jamaica and Hispaniola. In Cuba there it 
occurs in thè Ranges of thè Province Oriente and in thè Sierra de Escambray 
(Prov. Las Villas), having a notable role in thè second canopy and shrub layer 
of thè montane rain forests, in thè semidry serpentine rain forests, elfin forests, 
elfin woodlands and in thè montane limestone thickets of thè higher haystack 
mounts (Pico Potrerillo, Monte Libano-Monte Cristo; Borhidi 1973, 1974, 
1976). 

Catalpa punctata Griseb. ssp. punctata 

Tree up to 20 m height. Branches glabrous; leaves opposite, 1-foliolate, 
cartaceous or coriaceous; petiole 7—25 mm long, piate elliptic or widely elliptic, 
2.5—9 cm long, obtuse at both ends or sometimes emarginate at thè apex, 
entire, glabrous or white-pubescent on both surfaces [ssp. pubescens (Griseb.) 
(Borhidi], shiny, reticulate-veined above, lepidote-punctate beneath. Inflor- 
escence a few-flowered corymbiform panicle; calyx 4—7 mm long, corolla 
yellow with brownish-purple design on thè lower lobes, 1.5—2 cm long; stamens 
2, inserted, filaments filiform, anthers glabrous, staminodia 3. Capsule linear, 
very long, up to 70 cm or more, glabrous or puberulous 5—7 mm wide. Seeds 
linear-fusiform, 12—17 mm long, compressed, hairy. 

This taxon is a subendemic one of Cuba, which occurs also in Isle of Pine 
and Andros. The vicariant subspecies [ssp. domingensis (Urb.) Borhidi] grows 
in Hispaniola (Borhidi and Muniz 1971). It is a common tropical deciduous 
tree in thè areas of seasonal dry climate, and can be found in all thè Coastal 
limestone forests, littoral woodlands, in thè semideciduous and deciduous 
forests of thè limestone dog-tooth areas and foot-hill forests of thè haystack 
mountains. In thè extreme dry region of thè South-Coast of thè Province 
Oriente, lives a dry-resistent ecotype of this species, C. punctata ssp. pubescens 
(Griseb.) Borhidi — with pubescent leaves and larger corolla. 


Tabebuia lepidota (H.B.K.) Britt. 

Shrubs or little trees up to 5—6 m height. Branches brown-lepidote, 
later glabrous. Leaves 1—5-foliolate, petiole 1—2.5 cm long or very short, 
leaflets oblanceolate to oblong-obovate up to 5 cm long, coriaceous, rotundate 
or retuse at thè apex, sometimes cuspidate-acute, narrowed at thè base, thè 
leaflet terminal petiolulate, lateral ones sessile, all somewhat lepidote at least 
beneath. Flowers few, purple-violet or pink, 5—7 cm long, subsessile or with 
up to 1.5 cm long, ferrugineous lepidote pedicels; calyx asymmetric, brownish- 
lepidote, about 1 cm long; capsule 6—12 cm long, angled. 
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This species has a distribution pattern of Cuba Bahamas (Leon and 
Alain 1957). In Cuba, this shrub is very common in thè dry serpentine scruhs 
and woodlands of West and Middle Cuba, extended from thè Province of 
Pinar del Rio to Camagiiey, which were named hy thè former Cuban authors as 
“serpentine savannas” or “cuabales”. This plant never occurs on limestone 
areas in Cuba, and it is an excellent indicator plant of thè seasonally dry ser¬ 
pentine areas characterized hy a climate of 1000—1600 min yearly amount 
of precipitation and a dry period 3—6 months long (Borhidi 1973, 1974). 


Pera bumeliaefolia Griseb. 

Small tree up to 12—15 m height. Young branches covered hy ferru- 
gineous seales. Leaves elliptic-lanceolate, 7—9 cm long, obtusely acuminate 
at thè apex, narrowed to thè petiole at thè base; lustrous above, squamate 
beneath. Peduncle 5 inni long, fructified pedicels 3 min long; male calyx 4—5 
dentate, stamens 4—5, capsule globose, 10—12 min in diameter. 

This species occurs in Cuba, Hispaniola and thè Bahama Islands, having 
a Greater-Antilles Bahamas distribution pattern. In Cuba it can be found in thè 
second canopy and shrub layer of thè lowland and submontane seasonal ever¬ 
green forests and semideciduous forests in all provinces of this country, except 
H avana. 


Trichilia hirta L. 

Tree up to 20—25 m height. Leaves imparipinnate, petioles and rhachis 
hirsute or glabrous; leaflets generally 9—21, more seldom 3—7, witli a length 
of 3—13 cm, lanceolate, oblong-lanceolate, acute or acuminate at thè apex, 
acute or rotundate and somewhat asymmetric at thè base. Inflorescence: 
panicle; calyx cupular witli 4—5 triangular-ovate lobes. Petals oblong to 
elliptic, 5—6 min long. Stamens 8—10, staminal tube lobulate over thè 
middle, lobes oblong. Indentate at thè apex, villous on thè inner surface. Ovary 
hirsute, sessile on thè disc annular. Capsule globose, 1—1.3 cm in diameter, 
villous, witli 2—3 cavities. Seeds 1—2 in each cavity, 6—8 min in diameter. 

This species has a neotropical distribution pattern occurring in all over 
Central and South America, in Mexico and Santa Cruz, but in thè West Indies 
it can be found only in Cuba and Jamaica. In Cuba and Isle of Pincs it is a 
very common, frequently predominant element of thè first canopy in thè 
semideciduous forests, littoral limestone forests and in thè lowland and sub¬ 
montani* deciduous forests of thè limestone dog-tooth areas and at thè foothills 
of thè haystack mountains (Borhidi 1973, 1974) in West and East Cuba 
(Sierra Maestra, Sierra de los Organos). 
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Guarea Guidonia (L.) Sleumer 

High tree uj> to 30—35 m height. Leaves paripinnate, with 4—10 pairs 
of opposite, elliptic, lanceolate-elliptic or oblong-obovate, 8—25 erri long 
leaflets, obtuse or abruptly acuminate at thè apex. Inflorescence racemous. 
axilar; flowers hermaphrodite; calyx cupular, short, entire or denticulate with 
4—5 minute teeth, hispid. Petals 4—5, oblong, 5—7.5 mm long, free, greenish- 
white, densely pubescent on thè dorsal surface. Staminal tube entire or shortly 
lobulate, anthers 8—12; disc emergent with a ring-shaped pubescence of rigid 
hairs. Ovary sessile on thè disc, puberulous; capsule obovate, lignescent with 
3—5 cavities, 1.5—1.9 cm in diameter, brownish; seeds 1—2 in each cavity, 
9—13 mm in diameter. 

This species is a neotropical floristic element occurring in thè Greater 
Antilles (Cuba. Hispaniola and Porto Rico), Panama and tropical South Amer¬ 
ica (Leon and Alain 1953; Alain 1969). It can he found in thè humid and 
semihumid submontane and colline forest regions of all thè Cuba and Isle of 
Pines, as an important evergreen forestal tree of thè submontane rain forests of 
thè Northeastern Mountains of thè Province Oriente (Moa-Baracoa region), 
where it is a common tree in thè second canopy layer, but some giant examples 
occur in thè first one as well. This tree is rather frequent also in thè first canopy 
of thè submontane seasonal evergreen forests in thè Sierra Maestra. Escambry, 
Rosario, and Organos Ranges, further in thè riverside gallery forests of thè 
West Cuban oak-and-pine belts, while it occurs somewhat rarely in thè lowland 
seasonal evergreen and semideciduous forests, but is completely absent in thè 
montane, high montane and in thè dry lowland regions (Borhidi 1973, 1974, 
1976). 


Cupania glabra Sw. 

Tree up to 30—35 m height. Bark smooth, gray; leaves large, mostly 
paripinnate, leaflets 7—14, predominantly alternate, oblong-obovate, rotundate 
to retuse at thè apex, sometimes obtuse or acute, 6—20 cm long, margin 
dentate or subentire, glabrous or pubescent beneath. Inflorescence panicle 
axilar or terminal, puberulous, 11 —-20 cm long, ramificate. Flowers white,sepals 
pubescent, stamens 8. filaments short, anthers included, oblong. Capsule turbi- 
nate-globose, 1.5—2 cm in diameter, glabrous. 

This species has a North Caribbean distribution pattern, occurring in 
Central America, Florida, Jamaica and Cuba. In Cuba it is a very common tree 
species, having an important phytocenological role in thè second canopy of thè 
submontane rain forests and in thè first canopy layer of thè lowland and sub¬ 
montane seasonal evergreen forests and, as an important evergreen element of 
thè upper tree layer of thè semideciduous forests (Borhidi 1973, 1976). 
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Calophyllum antillanum Britt. 

Evergreen tree up to 30 m height with pyramidal canopy. Leaves cori- 
aceous, lustrous, elliptic to oblong-obovate, 5—12 cin long, rotundate and 
emarginate at thè apex, cuneate to obtuse at thè base; faterai veins parallela 
closely disposed, prominent on hot li sides. Inflorescence recemous, axilar or 
luterai, few-flowered shorter than thè leaves; pedicels 4—10 inni long, flowers 
white, fragrant; sepals 4, orbicular, petals generally 4, stamens about 50, 
filaments free or connate at thè very base; anthers ovai, 2-locular; ovary 
unilocular, drupe about 2—2.5 cm in diameter. 

This species is distributed all over thè Antilles occurring in many variable, 
morphologically hardly discernible populations considered by thè botanists as 
forms or higher infraspecific taxa. In thè present paper we excluded from thè 
C. antillanum Britt. thè C. utile Bisse, thè bitter being a surely recognizable 
good endemie species of thè serpentine mountains of thè Sagua-Baracoa 
Massif in thè Northern Oriente (Cuba) (Bisse 1974). The C. antillanum s. str. 
is a tree species of a considerable forestal importance; its timber is used 
for carpentry and joinery, thè living tree is often planted in streets, parks and 
afforestations. In Cuba it occurs frequently in thè submontane seasonal ever¬ 
green forests as emergent trees or members of thè high canopy, and can be 
found in thè lowland gallery forests and sometimes in thè seasonally inundated 
swamp forests as vv(*ll ( Borii im 1973, 1974, 1976). The predominant Calophyl¬ 
lum species of thè submontane and montane serpentine rain forests in Fast- 
Cuba is thè C. utile Bisse. 


Wood anatomy 

Curry a fadyenii Hook. 

Wood porous diffuse; thè ground mass of thè wood is formed by polyg- 
onal-shaped fibres with thick wall and narrow lumen. Diffuse paratracheal 
longitudinal parenchyma. Medullary rays with one or more cells in widtli 
(Fig. 1). Tracheae are oval-shaped with sinall sizes. Number is 69 per 1 sq. 
millimeter. Tangential diameter 18.4—52.9 //. Radiai diameter 23.0 57.5 p. 

Vessel members are 355.0—1065.0 p long, rarely with bordered pits on thè wall. 
Perforation piate is scalariform (parts indicated with —► of Fig. 2). Hetero- 
geneous medullary rays with 1—5 cells in width. Height 230.0—483.0 p. Width 
23.0—112.0 //. Polygonal-shaped, small crystals in thè cells of thè medullary rays 
(Figs 2 and 3). Fibres are commonly ordered in radiai lines. Diameter 16.1 
25.3 p. Thickness of wall 10.7 —11.5 p. Full length 781.0—1633.0. Tips of thè 
fibres commonly endingin a peak, one side with saw-teeth, rarely forking. 

Diameter of thè longitudinal parenchyma cells 6.9 -23.0 p . 

Height 51.1—265.0 p. Cells contain mastio material. 


9* 
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Fig. 1. Garrya fadyenii Hook. Cross section xl20. Small pores. 
wide medullary rays, fibres with thick vvall 



Fig. 2. Garrya fadyenii Hook. Radiai section X 120. Heterogeneous 
medullary ray, cells of medullary rays with small crystals. Fibres 
with thick wall. vessels with scalariform perforation (mark:-^) 
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Fig. 3. Garrya fadyenii Hook. Tangential section x 120. Medullary 
rays two and five cells in width. Fibres with thick wall and trachea 



Fig. 4. Catalpa punctata Griseb. Cross section X 120. Medium-sized 
vessels, medullary rays with one or two cells in width. Fibres with 
large lumen 
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Catalpa punctata Griseb. 

Wood porous diffuse. The ground mass of thè wood is formed by polyg- 
onal-shaped fibres with thin wall and wide lumen. Paratracheal vasicentric 
longitudinal parenchyma. Medullary rays with one or more cells in width 
(Fig. 4). The solitary tracheae are oval-shaped; tracheae forming groups of 2—4 
members with irregular direction are flattened in radiai direction. Number is 
24 per 1 sq. millimeter. Medium sizes. Tangential diameter 23.0—119.6 p. 
Radiai diameter 284.0—852.0 //. Length of thè vessel members is 284.0—852.0//. 
with oblong bordered pits on thè wall. Simple perforation piate. Heterogeneous 
medullary rays 1—2 cells in width. Height 83.7—306.9 p. Width 9.3—32.5 //. 
The medullary ray cells contain mastic material, and square or polygonal- 
shaped crystals (Figs 5 and 6). Fibres are in radiai lines or in irregular arrange¬ 
ment. Cellular structure. Diameter 16.1—25.3 p. Constant wall thickness 9.2 //. 
Full length 639.0—1491.0 p. Tij js of thè fibres smooth, ending in a peak, or one 
side with saw-teeth. Diameter of thè longitudinal parenchyma cells 9.2—25.3 //. 
Height 41.8—241.8 p . Number of thè vasicentrical cells 1—3. Cells contain 
mastic material. 


Tabebuia lepidota (H.B.K.) Britt 

Wood porous diffuse. The ground mass of thè wood is formed by fibres 
of thick wall and longitudinal parenchyma. Paratracheal-aliform confluent 
longitudinal parenchyma. Medullary rays mostly one, very rarely two cells in 
width (Fig. 7). 

Rare solitary vessels with roundish shape. Generally arranged in radiai 
or irregular groups of 2—4 members, with ovai shape. Number is 47 per 1 sq. 
millimeter. Sizes are a little greater than those of thè Catalpa. Tangential diam¬ 
eter 25.3—92.0 p. Radiai diameter 34.5—96.6 //. Vessel members are 213.0 — 
426.0 p long with oblong bordered pitting on their wall. Simple perforation piate. 
Medullary rays with one or very rarely two cells in width. Homogeneous struc¬ 
ture. Height 32.5—167.4 //. Width 4.6—32.5 //. Cells of medullary rays rarely 
contain mastic material (Figs 8 and 9). 

Fibres in radiai lines or in irregular arrangement. Diameter 11.5 — 13.8 //. 
Wall thickness 6.3—9.9 p. Full length 497.0—1136.0 //. Tips of fibres ending in a 
smooth peak, rarely with saw-teeth on one side. 

Diameter of longitudinal parenchyma cells 9.2—29.9 //. Height 32.5— 
172.0 p. Strands of longitudinal parenchyma with 3 — 6 cells in width. 
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Fig. 5. Catalpa punctata Griseb. Radiai section X 120. Heterogeneous 
medullary rays. Cells of medullary rays with mastic and crystal. 
Cellular fibres 



Fig. 6. Catalpa punctata Griseb. Tangential section x 120. Medullary 
rays with one or two cells in width. Longitudinal parenchyma. 
cellular fibres. The bordered pits are distinctly visible on thè wall 
of thè vessels 
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Fig. 7. Tabebuia lepidota (H.B.K.) Britt. Cross section X120. 
Medium-sized vessels with relatively thick wall. Medullary rays 
with one celi in width, fibres of medium thickness, strands of 
longitudinal parenchyma 



Fig. 8. Tubebuia lepidota (H.B.K.) Britt. Radiai section XÌ20. 
Hoinogeneous medullary rays, cells of medullary rays with a simili 
quantity of inastic. Longitudinal parenchyma and fibres 
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Fig. 9. Tabebuia lepidota (H.B.K.) Britt. Tangential section X 120. 
Uni- and twoseriate medullary rays. Longitudinal parenchyma and 
fibres. Small borderei! pits on thè wall of vessels 



Fig. 10. Pera bumeliaefolia Griseb. Cross section X 120. Large-sized 
vessels with thick w all and gummy material. L inseriate medullary 
ravs, fibres and longitudinal parenchyma 
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Pera bumeliaefolia Griseb. 

Wood porous diffuse. The ground mass of thè wood is formed by polyg- 
onal-shaped fibres. Diffuse-apotracheal and metatracheal-continuous longi- 
tudinal parenchyina. Medullary rays one or very rarely with two cells in width 
(Fig. 10). Oval-shaped tracheae, solitary or arranged in radiai lines of 2—6 
members, with medium or large sizes. Number is 7 per 1 sq. millimeter. 

Tangential diameter 46.0—184.0 fi. Radiai diameter 68.5—264.0 fi. 
Vessel members are 781.0—1065.0 fi long, with bordered pitting on their wall. 
Simple perforation piate. Vessels contain gummy material. 

Medullary rays with one or very rarely two cells in width, with hetero- 
geneous structure, more (2—3) marginai celi series. Height 115.0—851.0 fi. 
Width 11.5—34.5 fi. Cells of medullary rays contain gummy material and 
small. polygonal-shaped crystals (Figs 11 and 13). Fibres arranged in radiai 
lines. Diameter 9.2—18.4 fi. Wall thickness 4.6—9.2 fi. Full length 1278.0 — 
2201.0 fi. Tips of fibres ending in a smooth peak, or with saw-teeth on one 
side. Diameter of longitudinal parenchyma cells 11.5 — 25.3 fi. Height 65.1 
437.1 fi. Cells contain mastio or gummy material. It is necessary to mention 
thè cellular crystal holder parenchyma (part of Fig. 12 marked with —►). 


Trichilia hirta L. 

Wood porous diffuse; thè ground mass of thè wood is formed by polygonal 
shaped fibres with thick wall and narrow lumen. Paratracheal aliform-confluent 
longitudinal parenchyma. Medullary rays with one or two cells in width 
(Fig. 14). 

Tracheae are roundish or oval-shaped with small sizes, containing mastio 
material. Their number is 39 per 1 sq. millimeter. Tangential diameter 36.8 — 
71.3 fi. Radiai diameter 46.0 — 96.6 fi. Vessel members are 355.0—923.0 fi 
long; on their wall there are some adorned bordered pits in alternative positions. 
Perforation piate is simple. Heterogeneous medullary rays 1 — 2 cells in width. 
Height 57.5—1115.5 fi. Width 11.5—34.5 fi. Cells of thè medullary rays con¬ 
tain polygonal-shaped crystals (Figs 15—16). 

Fibres are commonly ordered in radiai lines. Diameter 9.2—18.4 fi. 
Thickness of wall 6.9—11.5 fi. Full length 710.0—1491.0 fi. Tips of thè fibres 
commonly ending in a peak, one side with saw-teeth. Diameter of thè longi¬ 
tudinal parenchyma cells 9.3 — 27.9 fi. Height 51.1 —190.6 fi. Cellular crystal 
holder longitudinal parenchyma occurs frequently. 
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Fig. 11. Pera bumeliae[olia Griseb. Radiai section x 120. liete~o- 
geneous medullary ray. longitudinal parenchyma and fibres. Within 
thè cells of medullary rays and longitudinal parenchyma gum or 

mastie 



Fig. 12. Pera bumeliaefolia Griseb. Radiai section x 120. Crystal 
holder longitudinal parenchyma (mark: — ) 
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Fig. 13. Fera bumeliaefolia Griseb. Tangential section X 120. Medul- 
lary rays with one celi in width, within thè cells mastio or gum, 

and fibres 
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Fig. 14. Trichilia hirta L. Cross section Xl20. Tracheae of sinall 
size. Tracheae contain mastio material. Narrow medullary rays. 
tliick wall of fibres 
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Fig. 15. Trichilia hirta L. Radiai section X120. Heterogeneous 
medullary ray; cells of medullary ray contain crystals of polygonal 
shape. Fihres of thick wall and cellular crystal holder longitudinal 
parenchyma 



Fig. 16. Trichilia hirta L. Tangential section xl20. Medullary rays 
of one celi in width. Fihres and trachea of thick wall 
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Fig. 17. Guarea Guidonia (L.) Sleumer. Cross section <120 Large 
tracheae, medullary rays of one or two cells in width and longi- 
tudinal parenchyma. Small lumen of fibres 



Fig. 18. Guarea Guidonia (L.) Sleumer. Radiai section 120 x. 
Heterogeneous medullary rays; cells of medullary rays contain 
mastic material. Longitudinal parenchyma and fibres of thick wall 
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Fig. 19. Guarea Guidonia (L.) Sleumer. Tangential section X 120. 
MeduUary rays of one celi in width and fibres of thick wall. Cells 
of medullary rays contain mastio material 



Fig. 20. Cupania glabra Sw . Cross section x 120. Tracheae of small 
size, narrow medullary rays. Vasicentric-contact longitudinal 
parcnchyma. Thin wall of fibres 
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Guarea Guidonia (L.) Sleumer 

Wood porous diffuse. The ground mass of thè wood is formed by fibres 
with thick wall and narrow lumen and by longitudinal parenchyma. Paratra- 
cheal aliform-confluent longitudinal parenchyma. (Jane 1956). Medullary rays 
with one or rarely two cells in width (Fig. 17). The solitary or doublé tracheae 
are oval-shaped. They can rarely form groups of 3—4 members with irregular 
direction; in this case tracheae are flattened in radiai direction. Number is 
9 per 1 sq. millimeter. 

Sizes are large. Tangential diameter 64.4—165.6 fi. Radiai diameter 
57.5—209.3 fi. Length of thè vessel members is 149.5—805.0 fi , with oblong 
bordered pits on thè wall. Simple perforation piate. Heterogeneous medullary 
rays 1, rarely 2 cells in width. Height 92.0—575.0 fi. Width 11.5—34.5 fi. 
Medullary rays contain mastic material (Figs 18—19). 

Fibres are in radiai lines or in irregular arrangement. Structure is rarely 
cellular. Diameter 13.8—27.6 fi. Wall thickness 9.2—13.8 fi. 

Full length 852.0—2485.0 fi. Tips of thè fibres smooth, ending in a peak. 

Diameter of thè longitudinal parenchyma cells 13.9—41.8 fi. Height 
79.0 190.6 fi. Zones of longitudinal parenchyma with 2—4 cells in width. The 

cellular crystal holder longitudinal parenchyma occurs more rarely than in 
thè Trichilia. 


Cupania glabra Sw. 

Wood porous diffuse. The ground mass of thè wood is formed by fibres 
with thin wall and wide lumen. Paratracheal vasicentric contact longitudinal 
parenchyma. (Wagenfuhr and Scheiber 1974). Medullary rays mostly with 
one or very rarely with two cells in width (Fig. 20). 

Tracheae are solitary or arranged in lines of 2—5 members, in radiai 
direction, with a mildly ovai shape. Number is 18 per 1 sq. millimeter. Small 
sizes. Tangential diameter 23.0—108.1 fi. Radiai diameter 23.0—121.9. Vessel 
members are 568.0—1136.0 fi long, with a lot of small bordered pits on their 
wall. Simple perforation piate. 

Medullary rays with one or very rarely two cells in width. Homogeneous 
structure. Height 41.8—1126.5 fi. Width 9.3—27.9 fi. Medullary rays’cells 
contain mastic materials (Figs 21, 22, 23). 

Fibres are arranged in radiai lines. Diameter 13.8—25.3 fi. Wall thickness 
is 3.5—9.2 fi ; cellular structure. Full length 71.0—1420.0 fi. Tips of thè fibres 
end in a smooth peak. 

Diameter of thè longitudinal parenchyma cells is 9.3—7.9 fi. Height 
60.4—181.3 fi. Number of thè vasicentric-contact cells is 1—2. The cells con¬ 
tain mastic materials. Between thè fibres there are some cellular crystal holder 
longitudinal parenchyma zones. 
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Fig. 21. C.upania glabra Sw. Radiai section X 120. Homogeneous 
medullary rays. Cells of medullary rays contain mastic material. 
Cellular fibres. Crystal holder longitudinal parenchyma 
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Fig. 22. Cupania glabra Sw. Tangential section x 120. Medullary 
rays of one or two cells in width. Cells of thè medullary rays contain 
mastic material. Fibres of thin wall 


XYLOTOMIC STUDY ON SOME WOODS FROM CUBA, 














Acta Botanica Academiae Scientiarum Hungaricae 24, 1978 



Fig. 23. Cupania glabra Sw. Tangential section xl20. Medullary 
rays of one celi in width. Cells of medullary rays contain mastic 
material. A lot of sinall bordered pits on thè wall of tracheae; 
simple perforation piate 



Fig. 24. Calophyllum antillanum Britt. Cross section X 120. Tracheae 
of large size. Medullary rays of one or two cells in width. Apotracheal 
and vasicentric contact longitudinal parenchyma cells of paren- 
chvrna filled with gummy material. Fihres and fibre-tracheids 
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Fig. 25. Calophyllum antillanum Britt. Radiai section X 120. Het- 
erogeneous medullary rays. Cells of medullary ravs contain gummy 
material. Fihres of thick wall 



Fig. 26. Calophyllum antillanum Britt. Tangential section Xl20. 
Medullary rays of one or two cells in width. with cumulated ar¬ 
rangement. Cells of medullary rays contain gummy material. Lon- 
gitudinal parenchyma. Simple and bordered pits distinctly visible 
on thè wall of fibres 
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Calophyllutn antillanum Britt. 

Wood porous diffuse. The ground mass of thè wood is formed by fibres 
and fibre-trach< ids. Apotracheal and vasicentric-contact longitudinal paren- 
chyma. Medullary rays are one or two cells in width (Fig. 24). Tracheae are 
oval-shaped. They are solitary, but rarely form irregular groups of 2—4 meni- 
bers; large sizes. Their number is 9 per 1 sq. millimeter. Tangential diameter 
52.9—163.3 fi; radiai diameter 50.6—234.6 fi. The vessel members are 426.0— 
1065.0 // long with a lot of small bordered pits on their wall. Simple perforation 
plates. The vessels contain mastio material. 

Medullary rays 1—2 cells in width, with cumulated arrangement and 
heterogeneous structure. Height 92.0—494.5 fi. Width 11.5—34.5 fi. Cells of 
thè medullary rays contain gummy-material (Figs 25, 26). 

Fibres are arranged in radiai lines. Diameter 11.5—20.7 fi. Wall thickness 
6.9 —11.5 fi. Full length 852.07—1704.0 fi. On thè radiai wall of thè fibres there 
is a bordered or simple pit of small size. Tips of thè fibres end in a smooth 
peak, rarely forking. 

Diameter of thè longitudinal parenchyma cells is 13.9—27.9 fi. Height 
46.5—209.2 fi. Cells contain mastic or gummy-material. Cellular crystal holder 
longitudinal parenchyma does not occur frequently. Detailed anatomical 
features of thè species are shown in Tables 1, 2. 

Table 1 


Detailed anatomical features of thè species 


Wood element 

Features 

Garrya fadyenii 

Catalpa punctata 

Vessel 

members 

Arrangement 

Shape 

Tangential diameter 
Radiai diameter 

Wall thickness 

Length of vessel 
members 

Number per sq. min 
Intervascular pitting 
Perforation piate 
Conterit 

diffuse-solitary 

ovai — very small 
18.4-52.9 // 

23.0 57.5 fi 

2.3 4.6 fi 

355.0 1065.0 fi 

69 

bordered-rare 

scalariform 

diffuse-solitary or irregu¬ 
lar group of 2 4 mern- 

bers 

ovai or flattened 

23.0 119.6// 

29.9 85.1 // 

2.3- 4.6// 

284.0 852.0// 

24 

bordered-oblong 

simple 


Width 

uni- to multiseriate 

uni- to twoseriate 


Number of cells 

1-5 

1-2 

Medullary 

Classification 

heterogeneous 

heterogenous 

rays 

Height 

230.0 -4830.0 fi 

83.7-306.9// 


Width 

23.0- 115.0 /i 

9.3- 32.5// 


Content of cells 

polygonal-shaped small 

numerous small polygonal- 



crystals 

shaped crystals and 




mastic 
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Gontinued table 1 


Wood element 

Features 

Garrya fadyenii 

Catalpa punctata 


Arrangement 

radiai 

radiai or irregular 


Shape 

polygonal 

polygonal-cellular 


Full diameter 

16.1 25.3/1 

16.1 25.3// 

Fibres 

Wall thickness 

10.7 — 11.5 fi 

9.2 


Full length 

781.0 — 1633.0 // 

639.0 — 1491.0 fi 


Type of pitting 

bordered 

simple 


Arrangement 

Apotracheal-diffuse 

paratracheal-vasicentric 

Longi- 

Diameter 

6.9 23.0 // 

9.2- 25.3 fi 

tudinal 

Height 

51.1 265.0/1 

41.8-241.8// 

paren- 

Number of cells 

1 

1 3 

ehyma 

Content 

— 

inastic 

Other 

— 

— 

Wood element 

Features 

Tabebuia lepido!a 

Pera bumeliaefelia 


Arrangement 

diffuse-solitary or in 
radiai lines of 2 4 

inembers 

diffuse-solitary or in radiai 
lines of 2 6 inembers 


Shape 

roundish or ovai 

ovai 


Tangential diameter 

25.3 92.0 fi 

46.0 184.0// 


Radiai diameter 

34.5- 96.6// 

68.5- 264.0// 

Vessel 

inembers 

Wall thickness 

Length of vessel 

2.3- 6.9// 

4.6 11.5 fi 


member 

213.0 426.0// 

781.0-1065.0 fi 


Number per sq. min 

47 

7 


Intervascular pitting 

bordered-oblong 

bordered 


Perforation piate 

simple 

simple 


Content 

— 

gum 


Width 

uni- or very rarely 
twoseriate 

uni- or very rarely 
twoseriate 


Number of cells 

1-2 

1 2 

Medullary 

Classification 

homogeneous 

heterogeneous 

rays 

Height 

32.5- 167.4// 

115.0- 851.0// 


Width 

4.6- 32.5// 

11.5- 34.5// 


Content of cells 

inastic 

gum and crystals 


Arrangement 

radiai or irregular 

radiai 

Fibres 

Shape 

polygonal 

polygonal 

Full length 

11.5- 13.8// 

9.2 18.4// 


Wall thickness 

6.3- 9.9// 

4.6- 9.2// 


Full length 

497.0-1136.0// 

1278.0 2201.0// 


Type of pitting 

simple 

bordered-flanged 


Arrangement 

paratracheal-aliform 

confluent 

apotracheal-diffuse meta- 
tracheal continuous 

Longi- 

Diameter 

9.2- 29.9// 

11.5- 25.3// 

tudinal 

Height 

32.5- 172.0// 

65.1 437.1 // 

paren- 

Number of cells 

3-6 

1-2 

chyrna 

Content 

— 

gum or inastic 


Other 


cellular crystal holder 
parenchyma 
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Table 2 

Detailed ancilomiccil features of thè species 


Wood element 

Features 

Trichilia hirta 

Guarea Guidonia 

Trachea 

members 

Arrangement 

Shape 

Tangential diameter 
Radiai diameter 

Wall thickness 

Length of vessel 
members 

Number per 1 sq. mm 
Intervascular pitting 
Perforation piate 
Content 

diffuse solitary or ra¬ 
diai groups of 2—5 
members 
roundish or ovai 

36.8 71.3// 

46.0 96.6 // 

2.3- 6.9// 

355.0 923.0// 

39 

adorned-bordered 

simple 

mastic 

diffuse solitary or doublé 

ovai 

64.4 165.6// 

57.5 209.3 // 

2.3 - 9.2 // 

149.5 805.0 // 

9 

oblong-bordered 

simple 


Width 

uni- or Inseriate 

uni- or Inseriate 


Number of cells 

1-2 

1-2 

Medullary 

Classification 

heterogeneous 

heterogeneous 

rays 

Height 

57.5 —1115.5 ju 

92.0- 575.0 fi 


Width 

11.5- 34.5// 

11.5- 34.5// 


Content of cells 

— 

mastic 


Arrangement 

radiai 

radiai or irregular 


Shape 

polygonal 

polygonal 


Full diameter 

9.2 18.4// 

13.8- 27.6// 

Fibres 

Wall thickness 

6.9 11.5// 

9.2- 13.8// 


Full length 

710.0 — 1491.0 // 

852.0-2485.0// 


Type of pit 

simple 

simple 


Arrangement 

paratracheal aliform- 

paratracheal aliform 

Longi- 


confluent 

confluent 

tudinal 

Diameter 

9.3 27.9// 

13.9 41.8// 

paren- 

Height 

51.1- 190.6// 

79.0 190.6// 

chyma 

Number of cells 

1-3 

2-4 

Other 

cellular crystal holder 
parenchyma 

cellular crystal holder 
parenchyma 

Wood element 

| 

Features 

Cu pania glabra 

Colophyllum antillanum 


Arrangement 

diffuse solitary or radiai 
groups of 2 5 members 

diffuse, solitary or irregu¬ 
lar groups of 2 — 4 mem¬ 
bers 


Shape 

ovai 

ovai 


Tangential diameter 

23.0- 108.1 // 

52.9 163.3// 

Trachea 

Radiai diameter 

23.0- 121.9// 

50.6- 234.6// 

members 

Wall thickness 

Length of vessel 

2.3- 6.9// 

2.3- 6.9// 


members 

Number per 1 sq. 

568.0-1136.0// 

426.0-1065.0// 


in m 

18 

9 


Intervascular pitting 

bordered 

bordered, small 


Perforation piate 

simple 

simple 


Content 

— 

mastic 
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Table 2, Continued 


Wood elpinentn 

Feature» 

C.upania glabra 

Calophyllum antillanum 

Medullary 

rays 

Width 

Number of cells 
Classification 

Height 

Width 

Content of cells 

uni- or Inseriate 

1 2 

homogeneous 

41.8 1162.5// 

9.3 27.9// 

mastic 

onc, rarely two, cumlated 
ray 

1-2 

heterogeneous 

92.0 494.5 // 

11.5- 34.5// 

mastic 


Arrangement 

radiai 

radiai or irreg. 


Shape 

polygonal 

polygonal 


Full diameter 

13.8 25.3// 

11.5- 20.7// 

Fibres 

Wall thickness 

3.5- 9.2// 

6.9 11.5// 


Full length 

710.0-1420.0// 

852.0 1704.0 u 


Type of pits 

si m pie 

bordered 

Longi- 

Arrangement 

vasicentric-contact 

apotracheal-vasicentric- 

tudinal 



contact 

paren- 

Diameter 

9.3 27.9// 

13.9 27.9// 

chyina 

Height 

60.4- 181.3// 

46.5 209.2// 


Number of cells 

1 2 

1-6 


Content 

mastic 

gummy 


Other 

cellular crystal holder 

cellular crystal holder 



parenchyma 

parenchyma 


Origin of thè samples 

Garrya fadyenii Hook.: Cuba; Prov. Oriente; Sierra Maestra: Pico Marti in altit. of 1300 m. 

Collected by A. Borhidi and M. Vales, 12. 1. 1976. 

Catalpa punctata Griseb. ssp. punctata: Cuba; Prov. Pillar del Rio; Peninsule of Guanahaca- 
bibes, E1 Veral Nature Conserv. Area, in alt. 5 10 m. Collected by A. Borhidi and 

M. Vales, 14. 12. 197 1. 

Tabebuia lepidota (HBK.) Britt.: Cuba; Prov. Matanzas, Canasi; Collected by M. Vales, 
6. 11. 1974. 

Pera bumeliaefolia Griseb.: Cuba: Prov. Camagiiey; Sierra de Cubitas, Lo in a Tuabacjuey in 
altit. approx. 300 m. Collected by M. Vales, 8. 5. 1975. 

Trichilia hirta L.: Cuba; Prov. La Habana; Loma de Perle, Jibacoa, in altit. approx. 100 m. 
Collected by M. Vales, 29. 10. 1974. 

Guarea Guidonia (L.) Sleumer: Cuba; Prov. Pillar del Rio; Sierra del Rosario; Loma E1 Salón, 
in altit. approx. 450 in. Collected by M. Vales, 19. 11. 1974. 

Cupania glabra Sw.: Cuba; Prov. La Habana. Escaleras de Jaruco in altit. approx. 200 in. 
Collected by M. Vales, 9. 10. 1974. 

Calophyllum antillanum Britt.: Cuba: Prov. Pinar del Rio; Sierra del Rosario, Loma E1 Salón, 
in altit. approx. 470 in. Collected by M. Vales, 20. 11 . 1974. 
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ECOLOGICAL FACTO RS—AD A PT A BIL IT Y - 
RELATIONSHIP OF STEROID ALKALOI1) PRODUCTION 
RASED ON INVESTIGATION OF EXAMEN TWO SPECIES, 
SOLANUM LACIMATUM AIT. ANI) SOLANUM 
DULCAMARA L. 

By 

J. BeRNATH and P. TÉTENYI 

RESEARCH INSTITUTE FOR MEDICINA!, PLANTS 
(Received July 22, 1977) 

As a result of investigations carried out over ten years in a phytotron, culture 
vessel, under inicro and small plot field conditions thè formation and accuinulation of 
secondary plant products is elucidated froni a new point of view. According to thè 
authors even with a homologous formation of identical secondary material (in thè given 
case: steroid alkaloid). thè species under examination aswell as its ecological adaptabil- 
ity must he taken into consideration, and thè variations must he evaluated in a complex 
way hy simultaneously follovving thè changes in growth and development. For thè 
changes in thè total alkaloid production cari take place depending on thè species; 
directly, through thè changes in thè active agent levels in thè organs, with thè changes 
in thè ratio of production of thè organ having various active agent levels and hy in- 
fluencing thè total dry matter production (in thè case of partly unchanged active agent 
levels and organ ratios). The greater differences in alkaloid production are shown hy 
thè heliophyton species, S. laciniatuni , which is less adaptive even morpho-phenolog- 
ically. Thus, in comparison with thè uhicuous S. dulcamara , thè formation of aglycon 
(solasodine), depending on thè light intensity, is 10 12 times liigher, and again depend¬ 
ing on air temperature, water-, soil and nutrient supply, it shows a 50 100% deviation. 

In accordance with this, it is more reasonahle if instead of speaking ahout a generai 
ecological factor alkaloid production effects, we deal with thè changes in thè ecological 
factor —alkaloid type and in primary reaction alkaloid production depending on thè 
ecotype. 


Introduction 

During thè past years, parallel with thè investigations into thè occurrences 
and distrihution of steroids, thè examinations into their hiosynthesis led 
to considerable results. The nmnher of puhlications on thè effect of environ- 
mental factors on thè formation of secondary materials also increased consider- 
ahly until thè mid fifties (Fluck 1954, 1955; Nowinsky 1956), although 
thè results were sometimes contradictory with thè past two decades for thè 
modern methods of ecological research have established thè conditions of 
exact investigations also in this field. 

In our present work, we wish to provide thè synthesis of thè series of 
thè experiments over some ten years, thè aiin of which was to determine thè 
conditions of steroid alkaloid formation in two plant species —Solarium lari- 
niatum and S. dulcamara, in addition to thè great economie importance of thè 
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compound group developing in these species (Birmingham, Solanaceae Congress, 
1976), thè ecological investigations carried out parallelly on these two species 
are also extremely interesting for S. laciniaturn originates from Australia 
and New-Zealand, while S. dulcamara is a plant of thè holarctic fiorai king- 
dom. Considering their habitat, thè former species grows in sunny, open stands, 
and thè latter under varying conditions, but primarily in closed stands. 

In spite of thè differences in their distributions and so in their ecological 
demands thè species contain partly identical steroid glycoalkaloids. The main 
glycoalkaloids of S. laciniaturn and of S. dulcamara are solamargine and sola- 
sonine (its aglycon is solasodine); besides this, in respect to S. dulcamara. 
thè presence of soladulcamarine, a,.T-solamarine (its aglycon is tomatidenol), 
soladulcine, soladulcine-tetrazoid (its aglycon is soladulcine) is also charac- 
teristic. This provided a way of studying thè effect of ecological factors on thè 
production of steroid alkaloids in plants of differing ecological demands by 
supposing thè homologous biosynthetic pathways (VÀgÙjfalvi 1968). At 
thè same time, our aim was also to determine factors that influence thè pro¬ 
duction of active agents in both plant species in an identical way, and which 
one in a different way, depending on their ecological demands. 


Materials and methods 

The similarities and dissiniilarities in dry matter and active agent production depending 
on species, were studied by an exact investigation of thè individuai factors. During thè ten 
years of thè experiinental series, we applied partly parallel examinations. partly interdependent 
ones carried out in phytotron, in culture vessels, in field experiments of microparcels as well 
as in a System of small parcels. The following publications contain thè detailed description of 
thè methods: Bernàth 1970, 1971; Bernàth and Fòldesi 1969, 1972a. b, 1974; Bernàth 
and Tétényi 1973; Bernàth et al., 1976. 

We aimed to ensure that a homogeneous plant material be available both morphologi- 
cally and with respect to its chemism. The seed material of thè species designated ‘determined’. 
was produced with radiation treatment from S. laciniaturn ‘Budakalàszi’ of normal growth. 
The morpho-phenological dissimilarities of thè seeds, and thè similarities of their chemism 
have been proved by several publications (Szabady and Tétényi 1972,1974). In thè S. dulcamara 
species — because of thè considerable morpho-phenological differentiation in its morphology 
(Màthé, jr. 1974; Vo Hong Nga, 1975) thè plant material used had been selected in previous 
screen tests then prepared in a tissue culture and after organ differentiation. reproduced by 
cloning. Morpho-phenologically, this material was S. dulcamara var. dulcamara f. cordifolium. 
with respect to chemism, it was ‘tomatidenol -f- solasodine {- soladulcidine’, a Chemical 
taxa of mixed aglycon. 

The changes that had taken place in thè dry matter and active agent production 
depending on thè character of thè experiment -were evaluated partly consecutively by pursu- 
ing thè growth and partly at thè end of thè vegetation period. In relation to thè active agent, 
thè spirosolanol aglycons will be dealt with. They were checked by thè titrimetric inethod of 
Szilàgyi and Tétényi 1967, and by thè layer chromatographic method of Zàmbó and Tétényi 
1976). 


Factors influencing thè steroid aglycon production 


On thè basis of our investigations, it can be stated that thè ecological 
factors affect thè alkaloid production of plants in three well distinguishable 
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directions. These effects can play a complex role, but occasionally can also 
play separately a decisive role. The influencing role may be directed at: 

— thè level of active agent principles directly, 

thè ratio of organs at differing active agent levels, 

thè total dry raatter production (in partly unchanged active agent 

levels and organ ratios). 

In thè discussion which follows thè role of environmental factors will 
be surveyed in thè light of thè above determing forces having a decisive role 
on aglycon production. 


The effect of ecological factors on thè active agent levels 
of thè organs 


We bave succeeded in proving unequivocally that light (its intensity 
and spectruin composition) has a decisive influence on thè aglycon level of 
thè organs of thè species involved in thè investigations. The role of thè spectruin 
composition is thè most unambiguous (BernÀtii et al., 1976), sirice it is effective 
irrespective of thè ecotype of thè species, however with respect tri its charac- 
ter, it has an identical effect (Fig. 1); thè radiation of thè short wave band 
region increases thè aglycon level, thè direct effect of thè light from thè short 
wave band region is manifest also by thè fact that, in these light treatments 
contrary to thè literature on stability (MÀtiik, jr., 1974) — thè qualitative 
composition of aglycon in S. dulcamara changes: thè solasodine ratio of unsat- 


S. dulcamara S lacimatum 



Fig. 1. The effect of thè wave range of light on thè production of dry inatter content and 

steroid aglycon 
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urated sterane fraine increases simultaneously with a decrease in thè soladulci- 
dine quantity. This change provides a basis for proving thè supposition 
(Mathé and MÀthé, jr., 1973) according to which ecological factors are of signifi- 
cance in thè production of cheinical taxa. 

In opposition to this, thè effect of light intensity on thè aglycon level 
definitely depends on thè ecological adaptability of thè species examined. 
While at low light intensity (1600 lux), in thè heliophyton species — which 
has lower adaptability to weak light supply — thè alkaloid level decreases 
by nearly an order of magnitude, in thè sciophyton plant (S. dulcamara) — 
which adapts itself well — thè quantity of alkaloids remains unchanged (Fig. 2). 
This successful adaptation manifests itself in both thè morpho-phenological 
and thè dry matter production values. 

Thus, it is more reasonable to deal with thè effect of light intensity— 
alkaloid level, which is dependent on light demand, tlian with that of light— 
alkaloid level. Although these two parameters can occasionally have identical 
ineaning, but according to thè testification of our investigations, this is not 
inevitable. 

The direct effect of air temperature on thè alkaloid level could he clearly 
detected. This effect, similarly to thè role of light intensity, is species-specific, 
that is thè reaction depends on thè adaptability of thè species. In phytotron, 
after breeding it at 28 °C (Fig. 3), under thè effect of an interval of a tempera¬ 
ture block of 10 °C, thè quantity of solasodine decreased by 50% in a week in 
S. laciniatum , while in S. dulcamara only an extremely high (above 30 °C) 
temperature caused a decrease in active agent content—parallel with heat 
damage. The quantitative composition of aglycons is not influenced by thè air 

S. dulcamara S. laciniatum 



Fig, 2. Changes in thè aglycon content of thè above-ground organs at different light intensities 
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temperature. In respect of 5. laciniatum , we succeeded in proving increased 
reaction, even under field conditions. The changes in solasodine content 
according to thè breeding period is essentially determined by thè temper¬ 
ature conditions (Fig. 4). The correlation coefficient value is r 0.81 (Bkk- 
nàth Fòldesi 1974). The depression at thè end of thè breeding period is 
especially significant, which ensues in spite of thè continuel flowering of thè 
plants. This dicrease can be stopped or reversed by covering thè plant with 
transparent plastic foil. Under thè effect of thè surplus temperature which 
develops under thè foil cover, solasodine content can increase even by 3—5% 0 
(Fig. 5). The connexion between air temperature and solasodine content is 
significant also from thè point of view of practice, moreover besides explaining 
thè low values measured in Hungary in thè periods at thè end of September 
and at thè beginning of October, it could be a precondition of successful culti- 
vation flirt ber on. Sinee thè chance in thè active agent level to such an extent 
can take place within a short period (one week), thè lime of gathering should 
be determined with due consideration of this circumstance. 

The direct effect of thè other factors on thè alkaloid level could not be 
testified in any of thè investigations. Changes in thè alkaloid level did not 
ensue even under extreme soil nutrient, and water supply conditions, not 
even when thè difference in thè total dry niatter production attained a level 
of 200—300%. Not even thè connection between water supply and aglycon 
level observed in thè naturai vegetatimi examinations into S. dui cani ara can 
be considered as such an effect. The minimum level of active agent in thè middle 
of thè breeding period (which is in agreement with thè examination resilits of 
MÀthé, jr. and MÀthé, 1974) can be attributed to thè aging processes einerg- 



day 

Fig. 3. Quantitative changes in thè steroid aglycons depending on air temperature, in phytotron 
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Fig. 4. Changes in thè aglycon content of thè leaf in Solarium laciniutum , and of thè main 
meteorological faetors, asa function of breeding time in Budakalàsz (1973) 



Fig. 5. The increase in thè aglycon content of thè leaf of Solarium laciniutum , under thè effect 
of thè surplus air temperature prevailing under thè folia cover (1973) 

(0) thè hasis of comparison in naturai conditions for thè solasodine content; 

(1) coverage of thè plants at thè flowering time of thè fifth node level, on 4th Novemher; 

(2) coverage of thè plants at thè flowering time of thè fourth node level, on 21st August; 

(3) coverage of thè plants at thè flowering of thè second node level, on 13th July 
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ing simultaneously with thè ceasing of growth under conditions lacking pre- 
cipitation. This is confirmed by thè faet that thè leaves re-shooting during 
August—September show an increase in aglycon content, and such morpholog- 
ical characteristics as occur at thè beginning of thè vegetation period (Vo 
Hong et al., 1976, 1977). 


The effect of* ecological factors cn thè ratio of organs 
at different aetive agent levels 

The differentiation according to organs in thè alkaloid content of plants 
is well known (Tétényi, 1970). The part played by this in thè total alkaloid 
production is easy to see, for its quantity can to a great extent depend on 
wliat ratio of thè dry matter production of thè plant falls to thè organs rieher 
in aetive agents and what to tliose poorer in aetive agents. In relation to thè 
species examined thè quantity of thè berries (rich in aetive agents, 25—30 % 0 ), 
and thè production ratio of thè steni (0—5 % 0 ), are significant. 

On thè basis of our investigations, it has been proved that thè ecological 
factors are largely responsible for thè development of thè organ ratios of thè 
two species examined, nevertheless in S. dulcamara characteristics attribut- 
able to its perennial life form under thè Hungarian clirnate are also detectable. 
However, thè role of thè ecological factors is more generai with respect to 
thè aetive agent level — and in this sense apart from light and temperature, 
water and nutrient supply is of importance as well. 

Influencing thè berry ratio — cornpared with those exceptable in thè 
given developrnental stage—can take place relatively, by changing thè pro¬ 
duction ratios of thè organs, but it can take place also directly, by triggering 
off thè abscission of berry. 

Our results prove that thè earlier change in berry ratios of a relative 
value essentially takes place in thè same way in both species (even if to differ¬ 
ent extents). Triggering off thè abscission of berries is on thè other hand 
species-specific and it is essentially determined by thè ecological demand and 
adaptability of thè plant examined. 

In thè modification of thè organ ratios (primarily in relation to thè 
berry which decisively influences thè total aglycon production), thè effect 
of light, air temperature and water supply proved to he species-specific. This 
appeared in thè triggering off of thè abscission of berry in S . laciniatum which 
is less capable of adaptation. It could he stated that in all three factors a criticai 
level (Bernath 1971; Bernàtii and Fòldesi 1972a) ensued at which in spite 
of an apparently norrnal flowering thè abscission of shoot, flower and berries 
developed to no more than 1—7 min size in (Fig. 6). The multiple causes of 
triggering off thè abscission (including thè too high nitrogen supply level: 
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BernÀth and Foldesi, 1972b) seem to support thè fact ahscission is not directly 
linked to a factor but it is triggered off by thè disturbance in thè balance of 
thè plants’ growth and development occuring under extreme environmental 
conditions. [It is annother question that for example in Hungary in thè case 
of optimal conditions of cultivation, light and air temperature appear as 
extreme effects of climatic factors). In thè knowledge of thè characteristics of 
herry setting reported by us (BernÀth and Tétényi, 1973), even this unfavour- 
able effect can be reduced. According to our investigations, by an optimal choice 
of thè site of plantation it can be attained that thè flowering at thè level of thè 
2nd and 3rd node, which is decisive from thè viewpoint of thè production of 
active agent principles, can take place under favourable climatic conditions. 
In this case it is also attainable that at thè time of thè cooling and precipita- 
tion peaks, which occur in thè second half of thè breeding period, thè set 
berries have grown beyond thè state of sensitiveness of 1—7 mm. 

Apart from thè extremely unusual conditions, we have never experienced 
considerable ahscission of berries in S. dulcamara. Following from its perennial 
life forni it is typical however that thè organ ratios of thè plants processed 
after thè one-year, two-year and three-year cycles and of those processed 
continually differ essentially (Fig. 7). In undisturbed vegetation cycles, thè 



Fig. 6. Changes in ahscission of buds, flowers and berries according to thè stage of develop¬ 
ment in Solarium laciniatum , during thè breeding time 
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plants in thè second and tliird years primarily develop their stem System which 
is of no valile from thè viewpoint of thè production of active agent principles. 
On thè other hand, in continuai processing (twice a year), thè ratio of thè organs 
is unchanged, with nearly a 1/3 ratio of leaf-stem-berry. 

The role of nutrient supply is also significala in thè change of thè organ 
ratios. We have succeeded in clarifying — heyond thè proving in several former 
publications of thè high nutrient demand of identical characteristics, and 
within this, thè nitrogen demand — thè characteristics of thè changes in organ 
ratios of both species. This is especially significant with regard to thè berry 
ratio which is decisive witli respect to thè production of active agent princi¬ 
ples. Although thè increase in thè level of nutrient supply increases thè berry 



Continuous cutting 


™ 200 - 


100 - 




-stem 

— leaf 
berry 


1973 1973 ♦ 1974 1973*1974 ♦ 1975 

Fig. 7. Changes in thè organ ratios of Solarium dulcamara plants in three-year vegetation cycles, 
in undisturbcd stands and in such that were cut twice a year 
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output in both species, thè share of thè latter in thè total weight is lower. 
Thus, with a relative decrease in thè berries of high active agent level must 
be reckoned with. Tliis change is shown by S. dulcamara , according to thè 
data presented in Fig. 8 on thè basis of investigations in to four different soil 
types, in a period of 3 years. From these data it is obvious tliat thè increase 
of nutrient supply in all soil types is of an identical effect; thè stem and leaf 
fresh weight increases gradually, while thè berry weight hardly increases. 
The supplementary nutrient supply is best utilized in thè loose soil type (1) 





Fig. 8. The production of thè Solarium dulcamara organs on three nutrient levels(0, N 1$ N 2 ) 
and in four different soil types (1, 2, 3, 4). The nutrient levels are identical with those given 
in Table 1, while thè characteristics of thè soil types with those given in Table 2 
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Stem 



Fig. 9. The production of tlu* Solarium laciniaturn organs in two culture areas (70 X 40 crn and 
70 x 80 cm) and on three nutrient level (0, N, and N 2 ). The nutrient levels are identical witli 

thè data given in Table 1 


which is poor in nutri(‘nt. A change of identical character witli this is shown 
by ,S. laciniaturn independently of thè size of thè cultivation area (Fig. 9). 

At identical nutrient supply levels applied in S. dulcamara dry weight 
increased nearly logarithmically with thè increase in nitrogen quantity, and 
again leaf weight increased proportionally. On thè other hand. thè absolute 
quantity of berry increased only until thè level of medium nutrient supply 
was achieved, it did not change further on,orit decreased. This latter phenom- 
enon is already unambiguously species-specific, and it can he traced back to 
tlu* abscission of berry in S. laciniaturn , which is explainable by its increased 
sensitivity (BernÀth and Foldesi, 1972b). 

The effect of ecological factors on thè dry-matter 
production 

On thè basis of our investigation, it can be stateci that in addition to thè 
favourable organ ratios and thè maintenance of thè average production of ac- 
tive agent principles in thè organs, one of thè decisive factors of total alkaloid 
production is thè dry matter production. In spite of thè fact that, in determin- 
ing this, thè effect of external ecological factors is complex in nature, thè evalu- 
ation by factors has become possible experimentally. It has been ascertained 
that indeed in respect of thè dry matter production thè effect of ecological 
factors is thè inost characteristic and that thè effect of all thè factors that 
have been considered is ascertainable. 

Light exerts its effect both through its intensity and spectrum composi- 
tion. Owing to thè adaptahility of thè plant, thè effect of intensity is species 
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specific, while that of spectrum composition is nearly identical in thè two 
maximum species examined (BernÀth et al., 1976). 

Depending on thè optimum of thè species examined — thè optimum 
of S. laciniatum is thè highest — thè air temperature either increases or 
decreases thè dry matter production. In relation to S. laciniatum , this 
is nearly in agreement witli that active agent level (Fig. 3). 

The approximation of thè optimum water supply has proved favourable 
in both species, and thè increase in thè total dry matter production even 
reached 100% (BernÀth and Fòldesi, 1972a). 

The increase in nutrient supply (Table 1) — primarily through that of 
thè quantity of nitrogen —, in agreement with thè data of thè literature, 
increases thè dry matter production of both species. Consideration must 
however he given to thè relative and absolute quantitative decrease in thè 
berry ratio. In case of practical purposes, thè level of nutrient supply must 
therefore he chosen in a way that thè effect, thè decrease in thè absolute 
berry ratio (by berry shedding), should he low, but thè descruction in thè level 
of thè active agents due to thè decrease in thè relative ratio, and thè excessive 
aglycon production should be in proportion with each other. 

The effect of thè soil — according to our experiments carried out in 
360 1 culture vessels in thè field — was of identical character in both species 
(Table 2). The set soil rich in nutrients proved most favourable, and this, in 
comparison with thè unfavourable conditions, increased thè total dry matter 
production by 30—60%. It should he mentioned that in our investigations 
thè soil type did not influence thè organ ratios, and no interrelation between 
soil type and aglycon level could be detected either. The characteristic aglycon 
production data of thè two species are determined here primarily by thè differ- 
ence in thè dry matter production and thè difference of nearly an order of 
magnitudo in thè aglycon levels of thè organs. 


Table 1 


The effect of nutrient supply on thè dry matter production of S. lacinatum and S. dulcamara 
stand , in a unit of area interpolation on thè basis of thè average data of thè experients carried out 

in parcels , between 1969 and 1975 


Mark 

Dose of nutrient 
Active agent principles 
kg/ha 

S. laciniatum 

S. dulcamara 

Berry 

Total production 

Berry 

Total production 

N 

P=O s 

k 2 o 

q/ha 

q/ha 

0 

_ 

_ 

— 

8.53 

20.7 

3.9 

16.0 

N, 

181 

122 

61 

15.3 

50.8 

5.3 

22.8 

N, 

362 

244 

122 

14.7 

64.4 

5.1 

26.1 


PD.o /o 3.4 12.3 1.3 7.2 
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Table 2 

The dry matter and aglycon production of S. laciniatum and S. dulcamara rclated to one pianta 
according to soil types (ori thè basis of average data from thè experiments carried out in 1969 1975 ) 


Serial 
il il ni ber 
of soil 

S. laciniatum 

S. dulcamara 

Dry weight 
per g 

Aglycon 
production 
per mg 

Dry weight 
per g 

Aglycon 
production 
per mg 

1 . 

213.8 

3062.8 

246.0 

436.8 

2. 

239.8 

3341.5 

298.0 

574.2 

3. 

240.7 

3118.3 

305.0 

595.8 

4. 

296.3 

3907.4 

320.0 

624.2 

PD S % 

45.3 

751.0 

53.4 

112.5 


Soil No. 1. Stability No. 28., pH 7.8 Total salt 0.06 N% 0.052, P„0 5 4.3 rag, K o 0 5.5 mg 

Soil No. 2. Stability No. 32., pH 8.1 Total salt 0.13 N% 0.067, PÓ0 5 15.7 mg, K 2 0 21.5 mg 

Soil No. 3. Stability No. 46., pH 7.8 Total salt 0.20 N% 0.176, P,0 5 50.0 mg, K.,0 42.9 mg 

Soil No. 4. Stability No. 42., pH 7.6 Total salt 0.09 N% 0.167, PÓ0 5 8.1 mg. K.]0 21.7 mg 

Summary 

Summarizing our results it can bc stateti that, even in identical alkaloids, 
thè species examined must he considered, and thè changes must he evaluated 
in a complex manner, by simultaneous by tracing thè growth-development and 
thè dry-matter production. This is all thè more necessary since, according 
to thè results of our experimental series of nearly ten years, thè total alkaloid 
production of thè plants is indeed essentially determined by these factors. The 
complex character of thè effects is indicated in Fig. 10. According to data 



Fig. 10. Factors determining alkaloid production 
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shown in thè Figure it can he stated that it was only in relation to light and 
air temperature where direct effect on thè level of active agent principles of 
thè organs could he detected, although thè effect of only thè spectrum compo- 
sition is somewhat more independent of thè ecotype. The change of production 
ratio of thè organs of various levels of active agents is on thè other hand deter- 
mined according to ecotype, and in it thè importance of water and nutrient 
supply, in addition to that of light and air temperature, is also verifiable. 
The rate of total dry-matter production can be influenced thè most generally 
depending on thè primary processes. Here, thè significance of all thè environ- 
mental factors can be proved. Accordingly, it is more reasonable to deal with 
thè changes in ecological factor—alkaloid type and in primary reaction— 
alkaloid production which is dependent on thè species — ecotype than with 
thè generai, ecological factor — alkaloid production effect. 
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In thè thallus of Marchantia polymorpha gametophyton, thè cellulose skeleton 
structure of thè parenchyma cells, rich in chloroplasts, and of thè so-called angular 
parenchyma cells, were examined. An essential difference was detected between these 
celi types, with respect to their forni and size, or thè sub- and light inicroscopical 
structure of their cellulose skeleton. It can he inferred that their function is also different, 
that is physiological differences are reflected in thè structural characteristics of their 
celi wall. In thè parenchyma cells, rich in chloroplasts, two different wall structures 
could he found within thè sanie celi, which means that thè walls of these cells becames 
differenciated correspondingly with their function. With regard to thè wall structure, 
thè angular parenchyma cells showed remarkable differences according to their place 
in thè thallus. Both thè parenchyma cells rich in chloroplasts and thè angular paren¬ 
chyma cells reached their size characteristic of their fully developed stage within a 
distance of 3000 microineters calculated from thè growing apex of thè thallus. The 
formation of thè incrassation pattern of thè angular parenchyma cells could be observed 
within a 600 micrometer distance from thè apex, when thè celi reached only 1.3 of its 
full length. This pattern appeared pronouncedly at a distance of 1300 micrometer from 
thè peak, that is before thè full celi size is reached. In both celi types examined, thè 
microfibrils of thè individuai celi walls were perpendicular to thè longitudinal growth 
direction of thè thallus. 


Introduction 

Parenchyma cells are rather variegated, as regards their morphology 
and physiology. Their celi wall structural characteristics, manifest inostly in 
their incrassation, pitted state and optical characters have already been studied 
by several researchers. It has been established that thè birefringence of thè 
elongated parenchyma celi walls is in generai negative, which is an indicatimi 
of transversai microfibrillation. In certain cases, however, a spirai orientation 
of thè microfibrils could be detected (Preston, 1938). According to thè exain- 
inations by Wuhrmann-Meyer (1935) and Frey-Wyssling (1942), thè 
originally transversai microfibrillation of thè parenchyma cells switches to 
an axial direction during thè longitudinal growth. Wardroi* and Cronsiiaw 
(1958) described a crossed microfibril arrangement in thè developed celi wall 
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of Avena coleoptyl. By means of thè polarization microscope, Muhlethaler 
(1950) observed a rib-like thickcning of identical direction that of thè edges of 
thè celi, also in thè Avena coleoptyl parenchyma celi walls. By means of thè 
electron microscopc, he established that thè microfibrils running in thè incrassa- 
tions are parallel to thè edges of thè rib and thè celi. Frivaldszky—Nagy 
(1966) described thè wall structural characteristics of parenchyma cells with 
special development. The submicroscopical structure of parenchyma cells 
occurring in stems and roots was thoroughly examined, using thè polarization 
microscope, by Czaja (1958, 1961). 

In our earlier study (Domotor-Szilagyi and Wojnarovits-Hrapka, 
1977), thè abaxial epidermis cells of Marchantia polymorpha gametophyton 
and its smooth and tubercled rhizoids were discussed. Concerning thè cellu¬ 
lose skeleton structure of thè celi wall, our results confirmed thè findings 
according to which thè structure of thè various walls may be different even 
in thè case of one single celi, depending on whether they are adjacent to a si- 
milar celi type, or to another celi type, or to thè external environment 
(Fridvalszky and Nagy, 1966; Fridvalszky, 1967; Smith, 1972). 

The parenchyma celi walls of Marchantia polymorpha gametophyton 
were studied by Dippel (1968), using thè polarization microscope. Since thè 
submicroscopic structure of thè celi wall, has become familiar by means of thè 
electron microscope and scanning electron microscope, thè cellulose skeleton 
structure of thè parenchyma celi walls of Marchantia polymorpha gameto¬ 
phyton and their growth characteristics have not yet been examined. The aim 
of our investigations was to meet this need. In this regard, further detailed 
investigations seemed to be necessary, especially in connexion with thè growth 
processes, and recent methods or instruments of examinations, such as thè 
scanning electron microscope. 


Material and method 


In our earlier study, thè experimental methods were described in detail (Dòmotòr- 
-SzilàGY'i and Wojnàrovits-Hrapka 1977). Therefore, here they will be mentioned briefly. 
The Marchantia polymorpha L. gametophytons were obtained from thè greenhouse of thè Bo- 
tany Garden of thè EòtvÒS Lorànd University, Budapest. Forthe polarization microscopical 
investigations cross sections and longitudinal sections were prepared from thè thalluses, from 
which thè plasma and matrix materials were removed (Scott et al., 1956). Part of thè sec¬ 
tions were kept unstained, other parts were stained with chlorine-zinc-iodine or Congo red. 
The covering of thè preparations was made by means of watered glycerine. The examinations 
were carried out by means of a Jena ZElSS-manufactured polarization microscope. For thè 
qualitative observations, first rate red sheet were inserted. For thè scanning electron microsco¬ 
pie examinations, similarly to thè method described earlier (Dòmòtòr-Szilàgyi and Wojnà- 
rovits-Hrapka 1977), fixed and purified pieces of thè thallus were used. w hich underwent 
vacuum evaporation in a 2.IO -5 hgmm vacuum and were given a golden coat of about 200 
A thickness. The scanning electron microscopie examinations were made by means of a 
JSM — U JEOL type scanning electron microscope. 

When examining thè rate of growth of thè cells, thè distances were measured by means 
of a microineter eyepiece. The data refer to thè averages of 20 measurements in each cases. 
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Resulta and thcir assesmenl 

The cellulose celi wall structure of fully developed parenchyma cells rich in 
chloroplasts , occurring at about 22 nini froni thè growing upex of thè thallus 

Below thè adaxial epidermis, large, hroad, intercellular cavities contain- 
ing air, thè so-called assimilation chambers He horizontally, side by side to 
each other, which are separated by columnar tissue blands vertical to thè 
surface. From below thè large assimilation chambers, short celi filaments elon- 
gated into thè cavity. Their cells contain a great number of chloroplasts, which 
are well recognizable in cross section, longitudinally and also from a superior 
view (Fig. 1). The forni of thè parenchyma cells constituing thè filaments, and 
containing chloroplasts, is approximately isodiametric, their diameter is 14 
micrometer. The walls of thè cells from which thè plasma content has been 
removed, were — although slightly, but definitely — birefringent in thè polar- 
ization microscope. By inserting thè Red 1 piate even thè character of bire- 
fringence could be established. In this respect, a differcnce occurred between 
thè side walls (those on thè side of thè assimilation chamber) and thè transversai 
walls of cells (those separating thè cells of celi filaments). In thè side walls thè 
refractive index paratici to thè height of thè wall was thè biggest, from which 
i* can be inferred tliat thè microfibrils of these celi walls arranged in thè same 



Fig. 1. Superior view of thè relatively young parenchyma celi layer, rich iti chloroplasts of 
thè Murchantia polynwrphu L. gametophy ton, between crossed nicols ( x 20 obj. x4 oc.) 
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direction and so they are perpendicular to thè frontal piane of thè thallus. 
By similar examination of thè transversai walls (basai and covering sheets) 
it was estabhshed that their microfibrils were perpendiculai to thè main growth 
direction of thè thallus. In Fig. 2, thè data obtained witli regard to thè cellulose 
skeleton structure of thè parenchyma cells rich in chloroplasts are summar- 
ized. 


A 



10 ^jm 


Fig. 2. Stereoscopie sketch of thè cellulose skeleton structure of thè lateral parenchyma celi 
rich in chloroplasts of thè Marchantia polyrmorpha gametophyton. A = anticlinal celi walls, 

P = periclinal celi walls 



jpig. 3. Superior view of Marchantia polymorpha gametophyton. Scanning electron microscopie 
picture, X 2000: aew = periclinal celi wall of adaxial epidemis cells, pc = parenchyma cells, 
rich in chloroplasts (lapping over by thè periclinal celi walls of thè adaxial epidermis cells) 
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Growth of thè cellulose skeleton structure of thè parenchyma celi ridi in 

cliloroplasts 


Their shape, strongly approximating a globular forni, is well distinguish- 
able at their young stage by thè scanning microscope, through thè basai and 
covering sheet of thè adaxial epidermis cells lapping over thè thè parenchyma 
cells (Fig. 3). Silice these cells are isodiametric even at their young stage, their 
growth rate is unidirectional, which is illustrated in Fig. 4. At a distance of 
150 micrometers from thè apex, their diameter is 6 micrometers. Tliey reach 
thè final size, which is 14 micrometers on thè average, at a distance between 
2400—3000 micrometers from thè apex. Thus, their growth in thè given section 
is more than doublé in every direction. In their celi walls, which are extremely 
thin even in their fully developed stage, there were no pattern when observed 
by polarization or by scanning electron microscope (Figs 5 and 6). The micro- 
fibril orientation which could he detected in their young celi walls was identical 
with that established in thè mature stage (Fig. 7). 
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Fig. 4. Graph of thè growth of parenchyma cells rich in chloroplasts 



Fig. 5. Superior view of young thallus regimi in thè Marchanlin polymorpha gainetophyton. 
Scanning electron microscopical picture, x5(H)0 aew = periclinal celi Wall of adaxial epidermis 
cells, pc = parenchyma celi, rich in chloroplasts (lapping over by thè periclinal celi wall of 

thè adaxial epidermis celi) 
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Fig. 6. Superior view of thè young thallus region of thè Marchantia polymorpha gametophyton. 
Scanning electron inicroscopical picture. X 12,000; aew periclinal celi wall of adaxial epider- 
inis cells, pc = parenchyma celi, ridi in chloroplasts (lapping over by thè periclinal celi wall 

of thè adaxial epiderrnis celi) 

The cellulose skeleton structure of thè fully developed (iugular parenchyma cells 
occurring at a distance of about 22 nini frorn thè growing apex of thè 

thallus 

Below thè assimilating celi fibrils rich in chloroplasts, near thè lateral 
edges, approaching thè rib, there can be seen a layer consisting of increasingly 
larger cells in more and more celi rows (Fig. 8). These cells cross sectionally 
and longitudinally as well as from a superior view are of hexagonal shape, and 
are thè greatest in thè near-rib region of thè lateral part. According to thè 
measurements carried out here, their greatest extension corresponds to thè 
growth direction of thè thallus, 120 micrometer on thè average. In thè proc- 
essed preparations, their position is well observable and it is seen that they 
are slightly elongated in thè growth direction of thè thallus. The average of 
their width measured transversally towards thè thallus is 85 micrometer. 
On thè basis of thè cross sectional and longitudinal preparations, it can be 
stated, that their smallest extent is perpendicular to thè frontal piane of thè 
thallus. The average of thè shorter celi wall height measured in this direction 
is 20 micrometer, and again that of thè greatest celi height is 43 micrometer. 

In those walls of thè large angular parenchyma cells, lying in thè near- 
rib region of thè lateral part, through which thè cells mentioned communicate 
with each other, there are rib-like thickenings running parallel to thè celi height 
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Fig. 8. Longitudinal sedimi of thè rib-edge area of fully developed thallus region in Marchantia 
polymorpha gametophyton, between crossed nicols ( x 20 obj., X 3.2 oc.), ae adaxial epi- 
dermis; pc = parenchyma cells rich in chloroplasts; ap angular parenchyma cells 

or to each other. As a result of their strong birefringence these ribs aro especial- 
ly conspicious in thè polarization microscope. They separateci from each 
other at proportionate distances, at thè full height of thè celi wall. Whithin 
these distances, further partial separations cari he observed; consequently, 
they remimi us of pillars lying or against several stands. Their higher magnif- 
ication also shows that these pillars are not of a solid structure, but may be 
composed of fine fibres which occassionally bridge over thè interlying thinner 
celi wall parts (Fig. 9 arrow). 

Towards thè middle part of thè thallus, thè rib-like incrassations in thè 
celi walls, lying in thè longitudinal piane of thè angular parenchyma cells 
become wider, since thè smaller units (pillars) which separate in their whole 
length, become increasingly more dense (Fig. 10) and again, thè number of 
pillars occasionally decreases in a way that they appear on only one third 
of thè celi walls; on thè other 2/3 of thè celi wall only thinner celi wall parts 
of a very reduced size can be seen (Fig. 11). Their shape also changes. They are 
increasingly more elongated towards thè mid part of thè thallus. It must be 
emphasized that in thè lateral walls of thè parenchyma cells lying in either 
part of thè thallus — as could be stated by means of thè Red I piate, between 
thè crossed nicols — thè orientation of thè microfibrils is in agreement with 
thè direction of thè thickenings (Figs 10 and 12). 


Ada Botanica Academiae Scientiarum Hungaricae 24. 1978 




64 


FRIDVALSZKY, L. DOmOTÒR-SZILAGYI, J. 



Fig. 9. Cross section of thè laterale near-rib, growing thallus region of Marchantia polymorpha 
between crossed nicols ( X 20 obj., X8 oc.) 



Fig. 11. Longitudinal section of thè fully developed thallus part of Marchantia polymorpha. 
Centro: thè anticlinal celi wall of an elongated angular parenchyma celi, near thè rib edge 
and near thè abaxial epidermis; X 20 obj., x8 oc. 
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Fig. 13. Stereoscopie sketch of thè cellulose skeleton structure of thè angular parenchyma celi, 
which lying in thè lateral part of thè thallus and near thè rii) of thè Marchantia polymorpha. 
A anticlinal celi walls, P periclinal celi walls 


In cross sectional preparations, thè walls constituting thè covering and 
basai sheets of thè parenchyma cells can he seen. Their covering and basai 
sheets foimed by thè adaxial epidermis and thè adjacent celi of identical type, 
between crossed nicols, manifest themselves as slightly and uniformly bire- 
fiingent. In these celi walls, thè greatest refractive index is perpendicular to 
thè growth direction of thè thallus. From this it follows that thè direction of 
thè microfibrils is also of a transversai witli respect to thè growth direction of 
thè thallus. The wall structural characteristics of thè angular parenchyma 
celi of lateral near-rib position are summarized in Fig. 13, and again those of 
thè rib region parenchyma in Fig. 14. 



Fig. 14. Stereoscopie sketch of thè cellulose skeleton structure of thè angular parenchyma 
celi, lying in thè rib of Marchantia polymorpha gametophyton. A anticlinal celi walls, P 

= periclinal celi walls 
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The growth of thè cellulose skeleton 
strutture of thè angular parenchyma cells 
(in luterai , near-rib position) 

The longitudinal axis of thè angular parenchyma cells is of 18 microm- 
eter, at a distance of 150 micrometers from thè apex. The length of 120 
micrometers, which is characteristic of thè mature stage, is reached at a distance 



Fig. 15. Craphical illustration of thè connexion between thè longitudinal growth and skeleton 
structure differentiation of thè angular parenchyma cells lying laterally, near thè rih 
□ = appearance of thè rib-like incrassations of thè anticlinal celi walls 

O = a more pronounced presence of thè rib-like incrassations of thè anticlinal celi walls 
® = a very pronounced presence of thè rib-like incrassations 


of 1800 micrometers from thè growth apex of thè thallus. Thus, in thè mean- 
time, it undergoes a six and a half times’ elongation. The width of thè celi in 
an identical section increased from 15 micrometers to 80 micrometers that is 
to its 5.3 times size. The height of thè celi increased altogether to a three times 
higher value, from 14 to 43 micrometers. Under thè polarization microscope, 
at a distance of 570 micrometers from thè apex of thè thallus signs of initial 
incrassation and microfibril orientation characteristic of thè longitudinal celi 
walls could he detected. At a distance of 1050 micrometers from thè apex this 
wall structure is even more pronounced, while later is more defined. The growth 
rate of thè lateral, angular parenchyma celi is illustrated graphically (Fig. 15). 
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Fig. 7. Cross-sectional picture of thè young 
Marchantia polymorpha gametophyton be- 
tween crossed nicols, by inserting Red I piate. 
(20 X obj., 8 X oc.), ae = adaxial epidermis; 
pc = parenchyma cells rich in chloroplasts; 
ap = angular parenchyma cells rich in chloro¬ 
plasts; ap = angular parenchyma cells 


Fig. 10. Longitudinal section of thè fully de- 
veloped thallus of Marchantia polymorpha ga¬ 
metophyton. Centre: thè anticlinal celi wall 
of thè elongated angular parenchyma celi in 
thè ribedge region, between erossed nicols; 
by inserting Red I. piate; '20 obj.. X 8 oc. 


Fig. 12. Longitudinal section of thè fully de- 
veloped thallus part of Marchantia poly - 
morpha. Centre: anticlinal celi wall of an an¬ 
gular parenchyma celi, which lying inthelat- 
eral part of thè thallus and near thè rib. be¬ 
tween crossed nicols. by inserting Red I. 
piate; x40 obj., x8 oc. 
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THE SPOROMORPHAE OF AN ANGOLAN BROWN COAL 

By 
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(Received November 20, 1976) 


In thè course of a palynologica! processing of coal specimens originating from 
thè valley of Lungue Bungo river in Angola, thè authors found 36 fossil spore-pollen 
taxa. Megaporoites angolaensis n. fsp., Graminidites magnianulatus n. fsp. and Cypera- 
ceaepollis angolaensis n. fsp. and Cyperaceaepollis africanus n. fsp. bave been described 
as new taxa. In thè course of describing thè sporoinorphae, thè authors also carried 
out thè SKM examinations of two fsp. 

On thè basis of thè sporomorphae, thè identification of 22 recent taxa has been 
carried out; of these, 14 were determined up to fainily, 2 to subfamily, 3 to genus, and 
3 to species. 

The coal-forming swamp was Cyperus papyrns. This swamp received pollen ma¬ 
terial from a grassland with numerous Compositae , from a gallery forest and from a 
dwarf plant swamp in rock depression, and from a farther lying Podocarpus forest. 

At thè tirile of thè development of thè coal-forming swamp. thè area could he 
more moisterous. The authors put tilt* time of its formation at thè Upper Tertiary- 
Quaternary period or at thè Lower Quaternary. 


I. Introduction 

In an earlier publication (Kedves and Simoncsics I9(>8), we reported 
on thè spore pollen examination of thè brown coal deposit occurring along thè 
ri ver Lungue Bungo in Angola; on thè basis of a large-scale analysis we stat(*d 
that 

(1) in thè material, Pteridophyta and Gymnospermatophyta are few in 
number; from thè Angiospermatophyta , Cyperaceae and Gramineae are domin- 
ant; Palniae are again few in number; types indicating Compositae and Uni - 
belliferae (Apiaceae ) occur only sporadicaIly; there occur Myricaceae ; Ilippo- 
crateaceae and Droseraceae occur occasionally; 

(2) on thè basis of thè spore-pollen types, thè age of coal formation could 
be thè Upper Tertiary or thè Quaternary further 

(3) thè climatic factors of thè arca could not he significantly different 
from those of today, and finally 

(4) tlu* coal deposit could partly be formed by thè silting up of thè one- 
time sediment-catcher; thè sinking of thè relief—which kept level with thè 
production of plant materiale, a basis of coal — and thè accompanying continuai 
water supply must also have played a role in thè formation of thè layer. 
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In our present paper, we endeavour to determine — at thè present stage 
of our knowledge — thè sporomorphae found in thè brown coai. and thè recent 
taxa represented by them. 


II. The sporomorphae of brown coal 

1. Caniarozonosporites (Hainulatisporis) rarus (Doktorow icz—Hrebnicka 
1960) W. Kr. 1963 (PI. I, 1—4). 

Botanical connection : Lycopodiaceae. 

Occurrence : From thè Miocene to thè Pleistocene, mainly in European 
deposits. 

2. Laevigatosporites haardti (R. Pot. & Ven. 1934) Th. & Pf. 1953 subfsp. 
Inumiti (PI. I, 5, 6). 

Botanical connection : Polypodiaceae. 

Occurrence : Beginning mainly from thè Lower Tertiary, but it also occurs 
in recent deposits, as a Polypodiaceae spore free from perisporium. 

3. Podocarpidites (Cookson 1947) Couper 1953 sp. (PI. I, 7—10). It was 
represented only by a new specimens. This type is different from thè more 
known forms of fossile Podocarpidites. A certain similarity to Podocarpidites 
ellipticus Cookson 1947, to Podocarpidites sp. 1 described by Sah (1967) and 
Saii and Kar (1969) can he detected. We bave found several literary data on 
that thè pollen grain stated by us is of a Podocarpidites. gracilior type. The 
pollen of thè recent species was described by Bonnefille (1971). from Ethio- 
pian montane forests. Rossignol (1961) described this type from Israeli- 
an recent deposits; Bonnefille (1969) from also recent Ethiopian deposits, 
too. Although thè type is not indicated more closely, but thè sanie type is 
dealt with in thè work of Saad and Sami (1967) on thè recent deposits from 
thè delta of thè Nile. 


Piate I 

I. 2: Camarozonosporites ( llaniulatisporis ) rarus (Doktorowicz — Hrebnicka 1960) W. Kr. 

1963, Lycopodiaceae , prep. Angola III; 8. 8/122. 1. 

3, 4: Camarozonosporites ( Hamulatisporis) rarus (Doktorowicz — Hrebnicka 1960) W. Kr. 

1963, Lycopodiaceae , prep. Angola V; 9. 1/118. 9. 

5, 6: Laevigatosporites haardti (R. Pot. &Ven. 1934) Th. & Pf. 1953 subfsp. haardti. Poly¬ 
podiaceae. prep. Angola XX; 11. 9/113. 1. 

7, 8: Podocarpidites fsp., Podocarpaceae , prep. Angola V; 13. 4/101. 6. 

9, 10: Podocarpidites sp., Podocarpaceae , prep. Angola IV; 18. 7/124. 

II, 12: Cycadopites cf. minor (Kds. 1961) Kds. 1968. Cycadaceae v. Spadiciflorae. prep. Angola 

IV 6. 9/107. 7. 

13, 14: Monocolpopollenites cf. tranquillus (R. Pot. 1934) Th. & Pf. 1953 subfsp. tranquilliis. 
Palmae , prep. Angola XVII: 13.4/107.8. 

15,16: Trivestihulopollenites sp., prep. Angola XX: 20.4/119.8. 

17, IS: Triporopollenites sp., cf. Myricaceae , prep. Angola XVII; 7.1/120.0 X 1000 
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4. Cycadopites cf. minor (Kds. 1961) Kds. 1968, Cycadales v. Spadici- 
florae (PI. I, 11, 12). This pollen type has been described from Eocene layers. 
The producing plant of thè Angolan pollen is probably not identical with that 
of thè older Tertiary forms. Its connection with Cycadales ( Stangeria , Encepha- 
lartos , Cycas) is however presumable. 

5. Monocolpopollenites cf. tranquillus (R. Pot. 1934). Th. & Pf. 1953 
subfsp. tranquillus (PI. I, 13, 14). 

It is a very frequent forms in European deposits, first of all from thè 
lower Tertiary. Yarious paini genera can he taken into consideration as botan- 
ical relation. 

6. Trivestibulopollenites sp. (PI. I, 15, 16). Besides thè vestibulum, its 
plicate character is remarkable. In European deposits, Trivestibulopollenites 
mainly indicates Betulaceae. We were able to observe it only in one specimen. 

7. Triporopollenites sp. (PI. I, 17, 18). 

It is to a certain extent similar to Triporatus kashmirensis described by 
Thi ergart and Frantz (1961) thè botanical relation of which was given as 
Betulaceae. We consider its origination from Myricaceae more probable. 
Fgen.; Megaporoites W. Kr. 1970 

8. Megaporoites angolaensis n. fsp. (PI. II, 1—4). 

Diagnosis : Originally globular, secondairly plicated pollen grain. We 
did not light microscopically succed in observing pronounced ornamentai 
elements on thè surface; it seem scabrous. The exine is of a 0.5—0.8 //m thick- 
ness, separates into three layers; these are of about thè same thickness. The 
elements of thè infratectal layer are columniform. The pore originally circular 
its diameter is around 10 //m, no annulus or other kind of differentiatedness 
can be observed on its margin, but thè sexine around it is more scabrously 
ornamented. 

Maximum size: 28— 35 /im. 

Holotype: PI. II, 1, 2, prep. Angola XVIII; 5.4/105.8. 


Piate II 

7, 2 : Megaporoites angolaensis n. fsp.. Restionaceae v. Centrolepidaceae , prep. Angola XVIII: 

7.4/118.4. 

3, 4: Megaporoites angolaensis n. fsp., Restionaceae v. Centrolepidaceae , prep. Angola XVIII: 

5.4/104.8. 

5, 6: Graminidites laevigatus W. Kr. 1970, Gramineae , prep. Angola Vili; 7.3/103.9. 

7, 8: Graminidites laevigatus W. Kr. 1970, Gramineae , prep. Angola X; 17.3/113.2. 

9, 10: Graminidites cf. pseudogramineus W. Kr. 1970, Gramineae, prep. Angola III; 12.3/12.38. 
17, 12: Graminidites cf. assamicus Sah and Dutta 1967, Gramineae v. Restionaceae , prep. Angola 

XVII 18.5/103.2. 

73, 14: Graminidites magnianulatus n. fsp., Gramineae , prep. Angola III; 18.2/114.8. 

75, 16: Graminidites cf. neogenicus W. Kr. 1970, Gramineae , prep. Angola XVI; 16.8/102.8. 

77,75; Graminidites cf. neogenicus W. Kr. 1970, Gramineae , prep. Angola III; 20.5/114.8. 

79, 20: Graminidites soellichauensis W. Kr. 1970, Gramineae , prep. Angola XVI; 17.9/114.2. 

21: Graminidites pseudogramineus W. Kr. 1970, Gramineae , prep. Angola II; 20.6/119.8; 

X 1000 
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Locus typicus: Upper Pliocene exploration by thè side of thè river Lungue 
Bungo, Angola. 

Straluni typicum : Brown coai. 

Derivatio nominis : after Angola. 

Differential diagnosis : It is differentiated from M. saxonicus W. Kr. 1970 
by its three-layered exine and by thè considerably smallei structure elements 
of thè exine. 

Botanical relation : Restionaceae can inainly be considered, but Centro - 
lepidaceae is morphologically noi excluded either. Silice thè latter family 
occurs in Australia, New Zealand and New Guinea today, it can be left out 
of consideration. 

Occurrence : For thè time being it is known lony from thè locus typicus. 
Gen.; Graniinidites Cookson 1947 

The pollen grains belonging in here are monoporate, their surface is 
scabrous light-microscopically; thè annulus around thè pore is characteristic. 
Their botanical relation is primarily Gramineae , but thè tropical Restionaceae , 
cspecially here, can also be taken into consideration. 

9. Graniinidites laevigatus W. Kr. 1970 (PI. II, 5—8), Gramineae. 

10. Graniinidites cf. pseudograinineus W. Kr. 1970 (PI. 11.21) Gramineae. 

11. Graniinidites cf. assamicus Sali & Dutta 1967 (PI. II, 11, 12). Tliis 
can also be Restionaceae. 

12. Graniinidites inagniannlatns ri. fsp. (PI. II, 13, 14). 

Diagnosis : Originally globose pollen grains. By thè light microscope, 
thè surface is finely scabrous. The exine thickness around 0.5 /un; very thin; 
its separation into layers is difficult to observe. The elements of thè infratectal 
layer are not pronounced; an intrabaculate structure is not recognizable. The 
pore is small. its diameter is always below 1 /un (0.5—0.7 /un). The annulus 
is pronounced, its diameter is 2—3 //m, its margin is sometimes wavy. 

Maximum size : 15—20 /un. 


Piate III 

l: Graniinidites pseudogramineus W. Kr. 1970, Gramineae, prep. Angola II: 20.6/119.8. 

2, 3: Graniinidites soellichauensis W. Kr. 1970, Gramineae , prep. Angola VI: 18.1/113.2. 
4, 5: Graniinidites congoensis Sah 1967, Gramineae , prep. Angola XIX; 13.4/119.6. 

6, 7: Cyperaceaepollis angolaensis n. fsp., Cyperaceae , Cyperus , prep. Angola III: 14.7/105.8. 

8, 9: Cyperaceaepollis angolaensis n. fsp.. Cyperaceae , Cyperus, prep. Angola XVI: 17.8/ 

104.7. 

10,11: Cyperaceaepollis angolaensis n. fsp., Cyperaceae, Cyperus , prep. Angola XVIII; 20.3/ 

106. 

12, 13: Cyperaceaepollis angolaensis n. fsp.. Cyperaceae , Cyperus . prep. Angola XVIII; 9.0/ 

118.6. 

14, 15: Cyperaceaepollis africanus n. fsp., Cyperaceae . cf. Ascolepis . prep. Angola XVIII; 

14.9/115.9. 

16, 17: Cyperaceaepollis africanus n. fsp., Cyperaceae , cf. Ascolepis, prep. Angola XX; 

13.4/102.8. 

18. 19: Cyperaceaepollis africanus n. fsp., Cyperaceae, cf. Ascolepis , prep. Angola XVI; 

20.6/118.8; X 1000 
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Holotype: PI. II. 13, 14, prep. Angola III; 18.2/114.8. 

Locus typicus: Angola, cxcavation along thè river Lungue Bungo, Angola; 
Upper Pliocene. 

Strettimi typicum : Brown coai. 

Derivatio nominis : After its annulus being large in relation to thè pollen 
grain size. 

Differential diagnosis : Its smaller size and relatively wide annulus well 
differentiate it from G. gracilis W. Kr. 1970. 

Occurrence : For thè time being known only from thè locus typicus. 

Botanical relation : Gramineae . 

13. Graniinidites cf. neogenicus W. Kr. 1970 (PI. II, 15—18). 

14. Graminidites soellichauensis W. Kr. 1970 (PI. II, 19, 20; PI. Ili, 2, 

3; PI. IV, 1—3). 

In this form-species, we carried out scanning electron microscopie exain- 
inations too; tliey bave made our knowledge of surface more accurate. The 
surface is ornamented with tiny coni, which may have a role in receiving 
pollen in impregnatimi, as in an anemophil species. Several literary data are 
available on thè scanning electron microscopical examination into thè pollen 
grains of recent Gramineae species. For example, thè work of Grant (1972) 
and Andersen and Bertelsen (1972) can be mentioned. On thè basis of these, 
thè surface ornamentatimi may well be of taxonomical values. 

15. Graniinidites eongoensis Sah 1967 (PI. Ili, 4, 5). 

Gen.: Cyperaceaepollis W. Kr. 1970 

Cyperaceae have several pollen types. Krutzsch (1970) described only 
one of their genera under thè name mentioned above. The morphological 
descriptions of this pollen type are different in thè literature. According to 
Erdtman (1952) thè apertures are poroid. of an ulcerate type, one of them lies 
on thè broad end, while three of them He laterally. Krutzsch (1970) desig- 
nated thè pore lying at thè broad end as main pore, while thè lateral ones as 
auxiliary pores, lacunae. According to McAndrews et al. (1973), these pollen 
grains are of periporate type, with three (4 — 6) lateral poroids, and with one 
poroid at thè broad end of thè pollen grain. 

16. Cyperaceaepollis angolaensis n. fsp. (PI. Ili, 6—13; PI. V, 1—3). 

Diagnosis: Laterally, thè contour is elliptical, triangular or squariform 

with rounded off peak. Light microscopically, thè surface is scabrous; electron 
inicroscopically, it is textate, perforate and ornamented with tiny coni. Light 


Piate IV 

1—3: Graminidites soellichauensis W. Kr. 1970 
1: Surveying picture of pollen grain; X1500 
2: Submicroscopic sculpture of thè extragerininal exine; X 15.000 
3: Submicroscopic sculpture of thè germinai exine; X 15.000 


Acta Botanica Academiae Scientiarum Hungaricae 24, 1978 


SPOROMORPHAE «F AN ANGOLAN BROU N GOAL 


77 



Ac la Botanica Academiac Scienliarum Hungaricae 24. I97H 



78 


KEDVES. M. SIMONCSICS, P. 


microscopically, thè tri-partite separation of thè exine is well observahle. 
The exine thickness is around 1 //m, thè three layers are by and large of identi- 
cal thickness. The structnre of thè infratectal layer is pronounced; by thè 
light microscope, its elements are columniform. At thè hroader end of thè 
pollen grain there is one poroid aperture, laterally there are three. The one 
lying at thè peak is wide, of an ellipsoid form and 6—7 //in maximum size. 
The lateral poroids are lying elongated, their length is around 10—15 //m, 
and again their diameter around 2—3 firn. Inside thè poroids there are granular 
exine particles; these are probahly of infratectal origin, with a sinall tectum 
remnant (PI. V, 2, 3). 

Maximum size: 22—30 fi m. 

Holotype: PI. Ili, 6, 7, prep. Angola-III; 14.7/105.8. 

Locus typicus: excavation along thè river Lungue Bungo, Angola; 
Upper Pliocene. 

Stratum typicurn : Brown coai. 

Derivatio nominis : after Angola. 

Differential diagnosis: mainly thè lateral poroids lying elongated dif- 
ferentiate it from thè form-species described by Krutzsch (1970). 

Occurrence : It is known with certainly only from thè locus typicus, but 
it strongly reseinbles thè pollen grains described by Saad and Sami (1967) as 
Cyperus papyrus , and by Medus (1975, PI. X, 16, 17) as Cyperaceae. 

Botanical relation: Cyperaceae , Cyperus; probahly thè forni sphere of C. 
papyrus. 

17. Cyperaceaepollis africanus n. fsp. (PI. III. 14—19). 

Diagnosis : Laterally, thè contour is a triangle with strongly rounded off 
form; rarely, ellipsoid. The exine is tectate. perforate; thè performations can 
well he recognized even by thè light microscope. No further ornamentation 
of thè tectum could he recognized. The tectum and thè foot layer are of identi- 
cal thickness; thè infratectal layer is slightly thicker than thè former two 
layers. The diameter of thè exine is 1.5—2 firn. The infratectal structure is 
very pronounced, thè layer consists of columnar elements. Tilt* columelles 
occasionally results in an (infra-)reticulate structure when viewed from above. 
The poroid lying at thè hroader end of thè pollen grain, and thè lateral poroids 
are by and large of identical size and ornamentation. Inside thè poroids rem- 
nants of thè exine are to he found; their form is ellipsoid, their size is 3.5 — 
5x2 //rn. 

Maximum size: 16—22 //m. 


Piate V 

1 3: Cyperaceaepollis angolaensis n. fsp. 

1 : Surveying picture of pollen grain; X 1500 
2, 3: Submicroscopic surface picture of thè lateral poroids; X 15.000 
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Hololype: PI. Ili, 14, 15, prep. Angola XVIII. 14.9/115.9. 

Locus typicus : The excavation along thè river Lungue Bungo, Angola; 
Upper Pliocene. 

Straluni typicum : Brown coai. 

Derivatio nominis : after Africa. 

Differential diagnosis : The short lateral* poroids and thè thick wall 
differentiates it well from C. angolaensis n. fsp.; again thè wall tliickness and 
thè essentially smaller size from thè form species described by Krutzsch 
(1970). 

Occurrence : For thè time being it is known only from thè locus typicus. 
Botanical relation: Cyperaceae , cf. Ascolepis. 

Note. — These forms were earlier reported under thè naine Incertae 
on thè diagram (Kedves and Simoncsics 1968). 

18. Monogemmites pseudosetarius (Weyl. & Pf. 1957) W. Kr. 1970 (PI. 
VI, 1, 2). 

Weyland and Pflug (1957) described it as Smilax or Hydrocharia pollen. 
According to Krutzsch (1970) it is rather a plankton organism. It frequently 
occurs in tetrads as well, but then it rescmbles Droseraceae pollen grains. 

19. Polygalacidites Sali & Dutta 1966 sp. (PI. VI, 3—4). 

(Syn.: Polygalacearumpollenites E. Nagy, 1969.) Bonnefille (1969) 
reported pollen under thè name Polygala , from recent deposits of Aouache. 
Medus (1975, PI. X, 5—7) described similar forms under thè name Utri - 
cularia. The pollen observed in our material is in relationship rather with thè 
Polygalaceae family. 

20. Tricolpites sp. (PI. VI, 5, 6). 


Piate VI 

1 , 2: Monogemmites pseudosetarius (Weyl. & Pf. 1957) W. Kr. 1970, prep. Angola XVIII: 

13.5/116.6. 

3, 4: Polygalacidites fsp., Polygalaceae, prep. Angola III; 4.9/112.8. 

5, 6: Tricolpites sp., cf. Caesalpiniaceae v. Fagaceae, prep. Angola VI; 20.7/112.7. 

7, 8: Ilexpollenites sp., Aquifoliaceae, cf. Ilex , prep. Angola IX; 20.9/121.4. 

9,10: Tricolporopollenites sp., Araliaceae, prep. Angola V: 12.3/106.2. 

11,12 : Cupuliferoidaepollenites liblarensis (Thoms., in Pot., Thoms. & Thierg. 1950) R. Pot. 
1960, Fagaceae v. Leguminosae, prep. Angola XX; 16.5/101.2. 

13, 14: cf. Umbelliferae , prep. Angola III; 11.4/111.7. 

15,16: cf. Umbelliferae, prep. Angola V; 9.8/119.3. 

17, 18: cf. Umbelliferae, prep. Angola X; 14.1/124.0. 

19,20: cf. Umbelliferae, prep. Angola XVI; 19.4/121.9. 

21,22: cf. Umbelliferae, prep. Angola X; 18.8/118.8. 

23,24: Sapotaceoidaepollenites communis Sah 1967, 

Sapotaceae, prep. Angola XVIII; 10.7/108.7. 

25,26: Tubulifloridites fsp. A, Compositae, Tubuliflorae, prep. Angola V; 5.6/116.4. 

27, 28: Tubulifloridites fsp. A, Compositae, Tubuliflorae, prep. Angola IX; 22.4‘106.6. 
29,30: Tubulifloridites fsp. B, Compositae, Tubuliflorae, prep. Angola I; 9.4‘119.3. 
31,32: Tubulifloridites fsp. B, Compositae, Tubuliflorae, prep. Angola X; 15.2/110.6; X 1000 
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Tricolpate, intrabaculate; thè exine tectate, perforate; thè surface is 
ornamented with granulates. The exine is 1—1.5 firn thick; thè infratectal 
columelle layer is much thicker at thè tectum and thè pedium; thè latter two 
layers are of identical thickness. The colpi extend from peak to peak. Similar 
pollen grains occur in Caesalpiniaceae and Fagaceae. 

21. Ilexpollenites sp. (PI. VI, 7, 8). Tricolporoid pollen grains; thè surface 
is of davate ornamentation. The exine, in comparison with thè pollen grain 
size, is thick, around 2 ^m. The clavae continue in infratectal columellas; 
among thè layers of thè exine, thè small heads of thè clavae providing thè 
tectum, and thè columelle layer, are thick, thè pedium is thin. Botanical rela¬ 
tion : Aquifoliacene, cf. Ilex. 

22. Tricolporpollenites sp. (PI. VI, 9, 10). Tricolporoidate, tricolporate 
pollen grains; thè endopores seem weakly; they seem as geniculuses. The colpi 
in generai reach thè peaks of thè pollen grain. Light microscopically, thè 
tectum surface seems smooth. The tectum and thè pedium are of identical 
thickness; thè infratectal columelle layer is to a certain extent thicker than 
thè former two layers. The exine thickness is around 1 gin. 

Botanical relation: Unknown, possibly Araliaceae. 

23. Cupuliferoidaepollenites liblarensis (Thoms. in Pot., Tlioms. & Thierg. 
1950) R. Pot. 1960, Fagaceae v. Leguminosae (PI. VI, 11, 12). 

Sah and Dutta (1967) reported this form also from thè Tertiary deposits 
of Assam. The pollen grain reported Thiergart and Frantz (1961) under thè 
name of Triporocolpatus indicus also belongs in this sphere of forms. In thè 
w r ork mentioned, Cupuliferae is indicated as a botanical relation. 

24. Cf. Umbelliferae (PI. VI, 13—22). 

In thè wake of Ting (1961), Straka et al. (1967), several genera of 
Unibelliferae can be taken into consideration; Araliaceae, Cornaceae and even 
Euphorbiaceae are not excluded either (Venkatachala and Kar 1968; Van 
Campo et al. 1967). 

25. Sapotaceoidaepollenites communis Sah 1967 (PI. VI, 23, 24). Sapota- 

ceae. 


Piate VII 

i, 2: Tubulifloridites fsp. C, Compositae, Tubuliflorae, prep. Angola III; 14.3/114.5. 
3, 4: Tubulifloridites fsp. D, Compositae, Tubuliflorae, prep. Angola VI; 7.2‘118.2. 

5, 6: Tubulifloridites fsp. E, Compositae, Tubuliflorae, prep. Angola XI; 15.6/108.4. 

7, 8: Tubulifloridites fsp. C, Compositae, Tubuliflorae, prep. Angola IX; 9.0*104.2. 

9,10: Tubulifloridites fsp. E, Compositae, Tubuliflorae, prep. Angola IV; 13.0/121.6. 

11, 12: Tubulifloridites fsp. F, Compositae, Tubuliflorae, prep. Angola XV; 8.5/103.8. 
13,14: Cichoreacidites fsp. A, Compositae, Liguliflorae, prep. Angola IX; 20.4*119.6. 
15, 16: Cichoreacidites fsp. B, Compositae, Liguliflorae, prep. Angola V; 19.7*102.4. 

17,18: Ericipites scabratus Sah 1967, prep. Angola VI; 9.3*119.2. 

19,20: Ericipites scabratus Sah 1967, prep. Angola XVII; 18.4*112.6. 

21, 22: Eriocaulon sp. prep. Angola XI; 9.7/104.6. 

23: Eriocaulon sp. prep. Angola XX; 12.7/117.4; X 1000 
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Gen.: Tubulifloridites (Cookson 1947) R. Pot. 1960. 

In our material thè genus is represented by several species. The botanical 
relation of all of them is Asteraceae (= Compositae , Tubuliflorae ), without 
a possibility of nearer determination. The various types occured only in a few 
of thè specimen materials. 

26. Tubulifloridites sp. A (PI. VI, 25—28). 

27. Tubulifloridites sp. B (PI. VI, 29—32). 

28. Tubulifloridites sp. C (PI. VII, 1, 2, 7, 8). 

This pollen type is near to T. kashmirensis Thierg. and Frantz 1961. 

29. Tubulifloridites sp. D (PI. VII, 3, 4). 

30. Tubulifloridites sp. E (PI. VII, 5, 6, 9, 10). 

31. Tubulifloridites sp. F (PI. VII, 11, 12). 

Gen.: Cichoreacidites Sah 1967 

The synonym of thè genus is Fenestrites (van der Hammen 1956) 
Germeraad et al. 1968. The genus summarized thè pollen types of 
Cichoriaceae (= Compositae , Liguliflorae). 

32. Cichoreacidites sp. A (PI. VII, 13, 14). 

33. Cichoreacidites sp. B (PI. VII, 15, 16). 

Gen.: Ericipites Wodehouse 1933 

Besides thè origination of thè pollen tetrads from Ericaceae , other genera 
can also he taken into consideration. 

34. Ericipites scabratus Sah 1967 (PI. VII, 17—20). 

The type described by Sah (1967) is well in agreement witli that of 
Angola. 

35. Eriocaulon sp. (PI. VII, 21—22 and 23). 

According to Erdtman (1952), certain pollen grains of thè Eriocaulaceae 
genus are spiraperturate. The surface is sporadically ornamented with fine 
spinae. On thè hasis of these rare characters of thè association, our pollen grains 
represent thè Eriocaulon genus. The microfossils of thè genus were also obtained 
from thè Eocene of Colorado, and thè Pliocene of Canada, while thè pollen of 
Eriocaulon septangulare from tlie interglacial deposit of Riss—Mindel, Ireland 
(Engler 1964). 

Planktonites 

The forms of thè Concentricystes genus occur in a relatively large number 
in thè specimens. The light and electron microseopical examinations of these 
are dealt with in a small separate publication. It is not entirely excluded that 
they indicate fluviatile conditions. 
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III. Flora and vegetation 


On thè basis of thè detailed palynological analysis, in thè Angolan brown 
coal recent taxa determined up to thè following depths occur as: 

Pteridophyta 

Lycop odiacene 

Polypodiaceae ( Thelypteridaceae ) 

Gymnospermatophyta 

Podocarpaceae , Podocarpus ( gracilior ) 

? Cycadales 

A ngiospermatophyta Diiotyledonopsida 
? Fabaceae ( Papilionaceae) 

Caesalpiniaeeae 
Aquifoliacene , llex 
? Araliaceae 

A piacene ( Umbelliferae ) 

Euphorbiaceae 
? Droseraceae 

Asteraceae (Compositae Tubuliflorae) 

Asteraceae (Compositae Liguliflorae) 

Ericaceae 

Sapolaceae 

Myricaceae 

Angiosperniatophyta Monocotyledonopsida 
Cyperaceae: Cyperus ( papyrus ) 

Cyperus v. Ascolepis 
Eriocaulaceae , Eriocaulon 
Poaceae (Gramineae) 

? Restionaceae 

Arecaceae ( Palmae ), Phoenix ( reclinata) 


According to thè large-scale quantitative analysis dealt with in our 
preliminary study (Kedves and Simoncsics 1968) thè origin of thè sporomorphae 
cari be given as follows: 

53% from Cyperus papyrus form sphere, 

7% from other Cyperus or Ascolepis species, 

35% from Poaceae (Gramineae) species, 

5% from other taxa. 

On thè basis of thè detailed quantitative and thè above qualitative data, 
and thè work of Knapp (1973), in which African vegetation is discussed, we 
attempt now to enumerate those associations which possible took part in thè 
formation of coal, and to reconstruct those associations which surrounded 
swamps and from which pollen material went into swamps. 

Associations which are presumed to belong bere: (a) Papyrus swamp; 
(b) grassland; (c) rivenne and gallery forests and woodlands; (d) dwarf plant 
swamp. 

In all probability, thè coal-forming swamp was Papyrus swamp. These 
swamps are at present extremely poor in species. Besides thè dominant Cyperus 
papyrus , other Cyperaceae species, a few of Poaceae (Leersia) species, individuai 
Ipomoea and Alisma species occur in them. In thè case of a development ricli 
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in dicotyledons and ferns, there occur also Menispermciceae. Melastomataceae , 
Polygonaceae , and also Thclypteridaceae spccics in these swamps. 

Papyrus swamps are indicated by Cyperaceae sp. and Polypodiaceae 
(Thelypteridaceae) fsp. from thè sporomorphac of Angolan coai. 

On account of thè indeterminedness of thè Poaceae (Gramineae) pollcn 
types within thè family, a more accurate analysis of thè grassland meets 
with difficulties. There is a high probability that thè pollen material originates 
from thè ancestor of thè present grassland with numerous Cornpositae of thè 
Highlands. Today, this grassland is of a wide cxtension to thè south from thè 
Sahara in an East-West direction; to thè south down to Angola. Its charac- 
teristic is an altitude of 1000—1500 m, a quantity of 1000—1300 min annual 
moisture and thè shallow rocky gritty soil. Together with several Poaceae 
species ( Adropogon , Ctenium , Diectomis , Melinis , Loudetia , Monocymbium ), 
there occur in this grassland numerous Asteraceae ( Cornpositae ) genera ( Echinops , 
Guizotia , Senecio , Vernonia ), as well as Fabaceae ( Papilionaceae) species from 
( Crotalaria , Eriosema and Rhynchosia genera) and Larniaceae (Labiatae). 
from thè Apiaceae ( Umbelliferae ), thè Diplolophium , Lefebvrea. Pimpinella . 
Pycnocycla species, individuai Acanthaceae , Melastomataceae , Ascelpiadaceae . 
Santalaceae and Polygalaceae (Polygala) species. 

In our material, Poaceae are indicated by 6 iypes (possibly one Restiona- 
ceae ), wliile Fabaceae , Apiaceae and Polygalaceae by one type each. Naturally, 
it is not excluded that thè sporomorphac, originate from other grasslands 
occuring on thè shores of drier islands of Papyrus swamps; possibly, Phrag- 
mites which is water-bound may also be mentioned. 

We consider it likely that thè ancestor of thè river Lungue Bungo was 
lined by gallery forests. The moistureus vegetation, occuring also in thè present 
Zambesi valley, is very rich in genera and species of rivenne and gallery 
forests and woodlands. Their main characteristic is thè richness in palms and 
Sapotaceae. Presumably, thè pollen which indicates Phoenix (P. reclinata ). 
thè pollen types originating from Sapotaceae ( Mimusops , Afroserlisia , Englero- 
phyton , Vincentella ), thè Caesalpiniaceae (Berlinia) and thè Euphorbiaceae 
( Hymenocardia) pollen, which is indicated in our material as possible, — all 
these may have got from gallery forests into thè coal-forming swamp. 

On thè basis of thè sporomorphac, thè dwarf plant swamp also seems 
to be reflected thè character species of which are Eriocaulon species. These 
are as a matter of fact such swamps that were formed in rocky valleys of 
island mountains, or in depressing covered with laterite, in very thin, finely 
granulated soil. The species however remain dwarf due to lack of nourishment. 

At present they are most typically developed in West Africa. In our mate¬ 
rial, besides thè Eriocaulon genus giving thè character species, thè Polygala , 
possibly Drosera and Cyperus genera are in agreement with thè genera of thè 
grassland. Assumably, some of thè pollens of this grassland were also washed 
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in thè swamp which collected thè sedimentation and formed thè peat 
(coal). 

In addition to one-two indefinitely determined other pollen types, 
Podocarpus pollen is also worthy of mention; it can he considered as closely re- 
lated to P. gracilior. Today, in thè inountainous regions of East Africa and in 
South Africa there occur Podocarpus forests ridi in genera and species. A rela- 
tionship on thè basis of pollen types (for example by ineans of an Ilex and 
possibly an Araliaceae type pollen) with thè Podocarpus forests of thè E-Afri- 
can mountains, in which thè P. gracilior is thè characteristic species, is so 
indefinite that we think it likely that these forest types were far from thè valley 
of Lunguc Bungo also at that time. 


IV. Suiiiinary 

1. The present paper, on thè basis of a detailed palynological analysis, 
pointed out 35 spore pollen types and 1 plankton deposit from thè brown 
coal occurring in thè valley of Lungua Bungo river in Angola. Among them, 
new species are Megaporoites angolaensis n. fsp., Graminidites magnianulatus 
n. fsp., Cyperaceaepollis angolaensis n. fsp. and Cyperaceaepollis africanus n. 
fsp. 

Owing to shortage in specimens, no morphological description has been 
prepared on a spiraperturate pollen which however undoubtedly represent thè 
Eriocaulon genus. 

Among thè pollen types described by other authors, thè following are 
of African or South-East Mediterranean origini Podocarpidites fsp. (P. gracilior 
type), Graminidites assarnicus Sali & Dutta, Graminidtes congoensis Sali. 

The Cyperus papyrus pollen described by Saad and Sami (1967) from 
Norh Africa is likely to be probably in agreement with thè Cyperaceaepollis an¬ 
golaensis n. fsp. Further African pollens are Polygalacidites Sali and Dutta gen., 
thè forni of Cupuliferoidaepollenites liblarensis described by Sah and Dutta 
from Assam, thè Sapotaceoidaepollenites cornrnunis Sah and thè Ericipites 
scabratus Sah. 

2. During thè examinations, thè SEM investigations of Graminidites 
soelichauensis and of Cyperaceaepollenites angolaensis were also carried out. 
On their electron microscopie sculpture, thè authors liave given their report 
in thè course of describing and diagnosing thè above species. 

3. On thè basis of thè sporomorphae, thè authors succeeded in establish- 
ing 22 recent Cormophyta taxa; up to fainily 14, subfamily 2, genus 3, species 
3 taxa. 

4. On thè basis of quantitative data of recent taxa and sporomorphae, 
thè coal forming vegetation was Cyperus papyrus swamp. A grassland near 
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thè swamp, probably with numerous Compositae , and also a gallery forest, 
are reflected in thè deposit catcher. The dwarf plant swamp characterized by 
Eriocaulon species seems of farther origin, and thè one-two pollens of thè 
Podocarpus (gracilor) forest of thè mainly highland mountains could be trans- 
ported into thè swamp giving thè coal frorn even farther distances. 

5. The more detailed data allow us to conclude that at thè time of coal- 
formation this area may have been of a climate similar to that existing there 
today but richer in moisture; thè Upper Tertiary-Quarternary limit of coal- 
formation, and even its Lower Quaternary age, are not excluded either. 
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The connection between growth intensity and frost hardiness was examined 
in wheat cultivars with varying degrees of frost hardiness. On thè basis of thè experi- 
ments presented in this paper it can he concluded that there is an inverse relationship 
between growth intensity and frost tolerence in thè different wheat cultivars. This 
fact is supported by an increased IAA-oxidase enzyme activity at low temperature 
and by thè isoenzyme synthesised “de novo” after cobi treatment. The result obtained 
indicate that thè IAA-oxidase System is adapted to thè low temperature conditions 
in thè frost hardy wheat varieties. The mechanism of this adaptation seems to be very 
complex and needs further research. 

Introduction 

Accordili^ to earlier physiological and hiochemical investigations carried 
out on frost hardiness, it can he concluded that generally thè hardiest cultivars 
proved to he those in which thè minimum temperature of photosynthesis was 
around 0 °C or lower, a considerale part of thè assimilates was translocated 
into thè roots, and thè intensity of celi divisimi and plant growth decreased 
sharply as a function of thè fading temperature and practically ceased at 
temperatures near thè freezing point (Dévay 1962; Dévay 1965; Dévay and 
Rajki 1972; Fehér and Dévay 1975; Dévay and Fehér 1975). 

Taking into consideration that thè growth processes occuring at low 
temperature bave their own, special roie in developing thè degree of frost 
hardiness in winter wheat cultivars, thè hiochemical background of this 
mechanism, including thè investigation of thè Indole-acetic acid oxidase 
(IAA-oxidase) System which Controls thè growth of plants by oxidizing thè 
endogenous auxin (IAA), was studied, since very little is known in this field. 

Holduc et al. (1970) detected a 10-fold increase in IAA-oxidase activity 
in winter wheat seedlings during 40 days’ cold treatment. According to their 
results thè enzyme activity increased sharply during thè first 10 days in thè 
cold and progressed slowly from thè lOth to 40th days. Krasnuk et al. (1975) 
investigateci thè change in thè electrophoretic pattern of IAA-oxidase in 
alfalfa due to thè cold effect, described qualitative differences in thè patterns 
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of cokl-hardy and cold sensitive varieties and reported an increased enzyme 
activity in IAA-oxidase assays during hardening. 

This paper discusses thè connection between thè growth intensity and 
frost hardiness in different wheat cultivars having different abilities to sur- 
vive thè cold effect, and also deals with thè temperature induced changes of 
IAA-oxidase witli particular reference to thè cold inductihility and isoenzyme 
pattern of thè enzyme. 


Materials and methods 

Plant material: The experiments were carried out on wheat cultivars with varying 
degree of frost hardiness: Bezostaya 1, Martonvàsàri 2, Odeskaya 16, Mironovskaya 808 , 
Minhardi, Bdnkuti 1201 , Odeskaya 51, Fertódi 293, Grana . Orlando. Luna , Sonora 64, Rusalka, 
Kasticka. Trumph. Data concerning thè degree of frost hardiness in these varieties are sum- 
inarized in Table 1. 

Determination of groivth intensity: The celi elongation was ineasured in coleoptile test. 
5 mm long coleoptile segments were cut out of 4-day-old seedlings gerininated at 25 °C in 
a dark roorn, and were incubated for 72 hours at 5 °C in 1% sucrose solution. Data are expressed 
as thè percentage values of thè control. 

Determination of IAA-oxidase activity: Wheat gernis were hoinogenized in cold phos- 
phate buffer (pH 5.0) and thè enzyme activity was determined froin thè crude enzyme 
extraction by thè modified method of Gordon and Weber (1951). The quantity of soluble 
protein was determined according to Lowry et al. (1951). The activity of thè enzyme was ex¬ 
pressed as thè ratio of //g residuai IAA/mg protein/hour. 


Table 1 

Degrees of frost hardiness in different wheat cultivars 


Cultivars 

Degree of frost 
hardiness* 

Trumph 

30.5 

Kasticka 

31.5 

Rusalka 

32.1 

Sonora 64 

34.9 

Luna 

41.3 

Orlando 

48.7 

Grana 

49.3 

Fertódi 293 

50.0 

Odeskaya 51 

63.3 

Bdnkuti 1201 

65.0 

Minhardi 

67.8 

Mironovskaya 808 

67.9 

Odeskaya 16 

72.5 

Martonvàsàri 2 

77.2 

Bezostaya 1 

81.6 


* Degree of frost hardiness: thè percentage survival of cold treatment at temperature 
— 14 °C (Koch 1975, Balla 1975) 
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Determination of IA A-oxidase isoenzyme pattern: Wheat gerins were homogenized in 
cold 0.1 M Tris-HCl buffer (pH 8.0), containing 0.5 M sucrose, 0.006 M ascorbic acid and 
0.006 M cysteine hydrochloride. After sonication and centrifugatimi 200 //I crude extract 
was used to determine thè enzyme pattern. The isoelectric focussing was performed in 0.5 X 7.0 
cm polyacrylamide gels using LKB Carrier Ampholites with pH in thè range 3—10 and Chemical 
polymerization was carried out according to Wrigley (1968). The isoenzyine activities were 
determined at incubatimi temperatures of 5 °C and 25 °C. The activity of thè isoenzymes is 
proportional to thè intensity of thè hands visualized according to Endo (1968) on thè basis 
of cqual protein content and are presented in diagrams and scannograms made with a Joy ce 
Loebl Chromoscan at a magnification 1 : 3. 


Results 

7. The relationship between growth intensity and frost hardiness : The 
intensity of celi elongation was determined in a coleottile test at 5 °C after 72 
hours’ incubation. Figure 1 shows thè correlation between thè celi elongation 
of thè cultivars and thè degree of frost resistance given as percentage survival. 
The regression is sharp: 0.83, which represents a strong correlation between 
growth intensity and frost hardiness in wheat cultivars with varying degrees 
of cold hardiness. 

2. The temperature inductibility of IAA- oxidase activity: The activity of 
IA A-oxidase was determined in crude enzyme extract at incubation tempera¬ 
ture of 0, 5, 10 and 15 °C in frost-hardy winter wheat varieties. The enzyme 
extraction was inade from gerins germinated at 25 °C before and after harden- 
ing. The data are sumniarized in Fig. 2. At an incubation temperature of 5 °C 
thè IAA-oxidase had a relatively high activity and cold treatment on thè gerrn 
had thè effect of increasing thè activity of thè enzyme. The cold-induced 



Fig. 1. Correlatimi between frost hardiness and growth intensity at 5 °C. 5 inni long coleoptiles 
w ere cut out of 4-day-old seedlings germinated at 25 °C. Wheat cultivars examined: Trumph (1), 
Kasticka (2), Rusalka (3), Sonora 64 (4), Luna (5), Orlando (6), Grana (7), Fertódi 293 (8), 
Odeskaya 51 (9). Bànkuti 1201 (10), Minhardi (11). Mironovskaya 808 (12), Odeskaya 16 (13), 

Martonvàsari 2 (14), Bezostaya 1 (15) 
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increase could not be observed at high temperature (15 °C). The temperature 
dependence of cold-induced IAA-oxidase activity seems to be about 5 °C 
(Fig. 2) and thè formation of thè enzyme could be inhibited by 500 ppm 
chloramphenicol (CAP) treatment (Fig. 3). 



Fig. 2. Temperature dependence of IAA-oxidase activity. The activity was deterinined before 
(A) and after (B) hardening. IAA-oxidase was extracted from two-day-old wheat germs. 
Hardening: gerins were kept at 0 °C in a refrigerator for 5 days 



incubation temperature 

Fig. 3. The effect of chloramphenicol (CAP) on thè cold-induced increase of IAA-oxidase 
activity. CAP treatment was applied as a spray (concentration: 500 ppm) on two-day-old 
germs before hardening. A: control germs exposed to 5 days’ cold treatment. B: material 

treated by CAP 
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3 . The chance of IAA-oxidase isoenzyme pattern: The isoenzyme pattern 
of thè enzyme was examined in crude extract by isoelectric focussing method. 
The extract originateci from two-day-old germs before and after thè 5 day 
hardening period. Figures 4 and 5 show scannograms of IAA-oxidase isoen- 



B 



F ig. 4. IAA-oxidase isoenzyme pattern active at 25 °C (A), and 5 °C (B) in Bezostaya 1 winter 
wheat germs before hardening. The isoenzyines were separated by isoelectric focussing method 
and visualized according to Endo (1968). (See in Materials and methods) 



i 


m 


Fig. 5. The effect of hardening on thè IAA-oxidase isoenzyme pattern at 5 °C before (A) and 
after (B) hardening in Bezostaya 1 winter wheat germs. The isoenzymes were separated by 
isoelectric focussing method and visualized according to Endo (1968). (See in Materials and 

methods) 
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zymes. In Bezostaya 1 frost-hardy w inter wheat 6 isoenzyme bands active at 25 °C 
were detectable, but only a few of these were active at a 5 °C incubation tem¬ 
perature (Fig. 4). The cold treatment increased thè activity of bands 4, 5 and 
6 active at low temperature, especially in thè case of 6th band, while thè 3rd 
band lost its activity during hardening. 


Discussion 

The data obtained in these experiments between growth intensity and 
frost hardiness are supported by earlier results describing thè relation between 
celi division and frost hardiness (Dévay 1962). Nikolov and Salcheva (1969) 
also noted a reduction of thè growth processes in overwintering plants. Not 
only thè increased intensity of celi division, but thè increased celi elongation 
at low temperature is also connected with a lower rate of frost hardiness, 
while by contrast thè lower growth intensity is associated with a higher rate 
of frost hardiness. 

Is is well-known tliat thè primary regulator of thè intensity of celi 
elongation is a function of IAA-oxidase affecting thè endogenous IAA level 
in plants. The decrease in growth intensity is probably connected with thè 
frost hardiness of thè plants and is tlius one result of thè metabolica! processes 
occuring at low temperature. However, data have not yet been published on 
thè activity of IAA-oxidase at low temperature. 

According to Bolduc et al. (1970) experiments a 10-fold increase in 
thè activity of IAA-oxidase could he detected in winter wheat after a 40 day 
cold treatment. Krasnuk et al. (1975) demonstrated mainly qualitative 
differences in thè isoenzyme pattern of cold hardy alfalfa and increased enzyme 
activity after cold treatment. Since it has been proved that botli vernalization 
and hardening processes are initiated only at low temperatures near thè freez- 
ing point, only tliose enzymes can take part in these processes which are also 
active at low temperature. In tliis respect thè experiments of Bolduc et al. 
(1970) do not elucidate thè proper relationship between hardening processes 
and IAA-oxidase activity, because in their experiments thè enzyme activity 
was determined only at high temperature. 

On thè supposition that not only one IAA-oxidase isoenzyme can be 
found in wheat germs thè activity of thè enzyme was determined at different 
temperatures. The temperature induced changes in thè kinetics of thè reaction 
catalyzed by thè enzyme could due to different parameters. Several examples 
of temperature changes in thè activity of membrane-associated enzymes have 
been described as a change in thè membrane structure (McMurciiie et al. 
1973; Raison 1972; Schneyour et al. 1973). Since thè IAA-oxidase investi- 
gated was in soluble form thè temperature-induced change could not be inter- 
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preted as an action of thè membrane structure in our System. So we postulateci 
a change in thè isoenzyme pattern as an effect caused l>y thè falling tem¬ 
perature. 

The temperature dependence of IAA-oxidase activity and cold induced 
changes in thè activity raised thè possihility of “de novo” synthesis of IAA- 
oxidase isoenzymes active at low temperature. Experiments concerning thè 
change in thè isoenzyme pattern due to thè effect of hardening also supported 
this hypothesis. Not all thè IAA-oxidase isoenzymes detected in wheat germs 
are active at both low and high temperatures. The cold inductibility of thè 
enzyme activity could he detected only in thè case of isoenzymes active at 
low temperature. 

On thè hasis of thè experiments presented in this paper it cari he concluded 
that there is an inverse relationship between thè growth intensity and frost- 
tolerance in thè different wheat cultivars. This fact is supported by an increased 
IAA-oxidase activity at low temperature and by a new isoenzyme synthetised 
“de novo” after thè cold treatment. The results obtained indicate that thè 
IAA-oxidase System is adapted to thè low temperature conditions. The 
mechanism of this adaptation seems to he very complex and needs further 
research. 
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ANHÀUFUNG VON ELEMENTEN IM BALATONER 

SCHILFROHR 

(PHRAGMITES COMMUNIS) 

By 

M. KovÀCS, I. PrÉCSENYI and J. PoDANI 

BOTANISCHES FORSCHUNGSINSTITUT I)ER UNGARISCHEN AKADEMIE I)ER WISSENSCHAFTEN, 

vAcrAtót 

(Angekommen ani 12. September, 1977) 


In der Uferzone des Baiatoti wurde ini Blatt. Halm, Rhizom, sowie in den Wur- 
zeln uml Wurzelhaaren (miteinbegriffen auch die flaumhaarigen Adventivwurzeln) 
des Schilfrohrs die Quantitiit der Polyeleineiite (N, P, Ca, K, Mg. Fe) und die der 
Oligoeleinente (Mn, Zn, Sr, Cu, Pb) untersucht. 

Aufgrund des Prozentwertes der Trockensubstanz haufen sich von den unter- 
suchten Teilen die Polycleniente ini Blatt und im Wurzelhaar (implieite Adventiv- 
wurzel) auf, darauf folgen in abnehmender quantitativer Reihenfolge die Wurzeln, 
das Rhizom und der Haliti; binsicbtlieb der Oligoeleinente gestaltet sicb die Reihen¬ 
folge folgendermaften: Wurzelhaar (Adventivwurzel), Wurzel, Blatt, und endlich 
Rhizom und Haliti. 

Der Haliti und das Rhizom. bzw. die Wurzel und das Wurzelhaar des Rohrs 
enthalten die angehaiiften Elemente in ahnlicher Menge und Proportion. Das Blatt 
was die absoluten Stoffmengen anhetrifft weieht von alien ùbrigen Organen ah, 
und ist was die Proportionen anhelangt — vor alleni dem Stengel àhnlieh. 


Einfiihrung 

Ini Botanischen Forschungsinstitut der Ungarischen Akademie der 
Wissenschaften sind seit mehreren Jahren Untersuchungen die biogenen Ele- 
mentenzirkulation und Nàhrstoffbilanz des Balaton-Sees betreffend angestellt 
worden. Die Grundlage zu diesen Studien bildet die Elementenakkumulation 
der hàufiger auftretenden Wasserpflanzen (Laichkraut-Arten, Hobr, Rohr- 
kolben, Binse usw.). Die Zielsetzungen der Forschungen bestehen im folgen- 
den: 

inwiefern ist die Akkumulation der einzelnen Elemente eine Eigen- 
tumlichkeit d<*r gegebenen Art, in welchem Masse hàngt jene von der Kations- 
elektionsfàhigkeit und von der geochemischen Umgebung ab; 

— in weleher Quantitiit hàuft sich in den einzelnen Pflanzenarten, bzw. 
in den verschiedenen Organen der Pflanzenarten das in der Eutrophisation 
des Sees die Hauptrolle spielende Stickstoff und der Phosphor an, wie bedeu- 
tend ist die sog. biologische Filterwirkung, bzw. was ist ihre Bolle in der Selbst- 
reinigung des Wassers; 

in weleher Quantitàt haufen sich in den einzelnen Pflanzenarten die 
durch die Pollution ins Wasser gekommenen Schwermetallc an. 
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Die Ròhrichte der Uferzone des Baiatoli sind wichtig, weil sie: 

1. die natiirliche Nàhrstoffnachfuhr des Sees sichern, 

2. als eine Schutz- bzw. Filterzone an den Stellen funktionieren, wo 
Abwàsser in den See geraten; das Rbhricht am Ufer halt die verschiedenen 
Schmutzstoffe zuriick (TÓth, 1972), 

3. das Ròhricht akkuinuliert in bedeutendem Masse die ins Wasser und 
ins Sediment gekommenen Nàhrstoffe, der gebundene Nàhrstoff kann von 
anderen Pflanzen (Laichkrauter, Algen) nicht aufgenommen werden. Wàhrend 
des Abbaus des organischen Materials des Scliilfrohrs werden die biogenen 
Elemente mit verschiedener Geschwindigkeit frei (KovÀcs, 1976) und demnacli 
belasten sie das Wasser des Sees stufenmàfiig. 


Material und Methode 


Die Probeentnahmen vom Schilfrohr wurden am 7 — 8. August, 1975 und am 5 6. 

Juli, 1976 an folgenden Orten durchgefiihrt: Fonyód Bélatelep, Balatonberény, Balaton- 
szentgyòrgy, Fenékpuszta, Gyenesdiàs, Vonyarcvashegy, Balatongyòrbk — Balatonederics, 
Szigliget, Badacsony, Révfiildp, Balatonszepezd. Balatonudvari, Tihany — Balatonfiired. 
Balatonfuzfo —Balatonkenese. Die Zone der Probeentnahmen befand sich in einer Wassertiefe 
von 50 80 cm. Es wurden in beiden Jahren je 11 Proben untersucht. Von jeder Stelle wurden 

je 10 Pflanzenindividuen gesainmelt und das Material wurde nach sorgfàltiger Reinigung und 
Abwaschung mit destilliertem Wasser in die verschiedenen Pflanzenorgane geteilt (Blatt, 
Halm, Rhizom, Wurzel, Wurzelhaar). Aus den Pflanzenmaterialien wurden je zwei sog. 
gemischte Proben verfertigt und diese in zweifacher Wiederholung im Laboratorium bear- 
beitet. 

Die Bestimmung sàmtlicher Stickstoffproben geschah mit Ililfe der Kjeiildahl- 
schen Zertrummerung, der P-Gehalt wurde mit der Di GLERIA-Methode (1951) bestimmt. Die 
Untersuchung von Ca, K und Na ist mittels eines Flammenphotometers, die von Mg, Fe. 
Mn, Zn, Sr, Cu und Pb dagegen mittels eines Unicam Atomabsorptions-Spektrophotometers 
vorgenommen worden. 

Laut den Literaturangaben (vgl. Bayly — O’Neill 1972. Kvet 1973. Mochnacka 
Lawacz 1974, Dykyjova — Hradeckà 1976, usw.) àndert sich die chemische Zusammenset- 
zung des Scliilfrohrs in der Vegetationsperiode, und so wurden nur die |zu gleichem Zeitpunkt 
entnommenen Proben verglichen. Tabellen 1 und 2 enthalten aucb die Mittelwerte der chemi- 
schen Zusaminensetzung der verschiedenen Organe der je 11 Proben (ausser den Ergebnissen 
des f-Tests), auf die Trockensubstanz bezogen. 

Zuin Vergleich des absoluten Elementengehalts der Organe wurde die Distanzfunktion 
von Euklid angewandt. Ist die Zahl der untersuchten Elemente n. so kònnen die Organe als 
Punkte in einem Raum mit n-Dimension aufgefasst werden, wo die Koordinaten des mit j 
bezeichneten Organs die Probendurchschnitte der Elemente darstellen (X,y, i = 1, 2 ... n). 

Die Distanz zwischen den Organen j und k ist nach Euklid, wie folgt: 



Der Wert von Ej ^ hàngt von den absoluten Quantitàten ab, demnacli zeigt er keine oliere 
Grenze. 

Mit Beriicksichtigung der Proportion der Elemente, mag die Distanz zwischen zwei 
Organen folgendermassen definiert werden (»chord distance«, OrlÓci 1975): 
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Tabelle 1 


Vergleichungstabelle der Mittelwerte des Gehults un biogenen Elementari der verschiedenen Teile 

des Schilfrohrs (Phragmites comniunis) 

(Daten aus 1975) 


Schilfrohrorgane 

Biogene Elemente 

Mittelwert 

(n 11) 

bezogen auf die 
Trockensubstanz 

Halm 

Rhizom 

Wurzel 

Wurzelhaar 

(Adventiv- 

wurzel) 

Blatt 

N °/ 

/o 

3,13 

+ 

+ 

+ 

~h 


i’ % 

0,13 

+ 

+ 

+ 

*r 


Ca % 

0,22 

NS 

NS 

+ 

+ 


Mg% 

0,33 

+ 

+ 

+ 

+ 


K % 

1,13 

+ 

NS 

+ 

+ 


Na% 

0,02 

NS 

-j- 

+ 

+ 


Mn ppin 

166.00 

+ 

+ 

+ 

+ 


Zìi pp. 

22,00 

NS 

NS 


+ 


Fe ppm 

136,00 

NS 

NS 

+ 

+ 

H alni 

N % 

0,83 

_ 


NS 

+ 


P % 

0,07 

— 

NS 

NS 

+ 


Ca % 

0,09 

- 

NS 

+ 

-F 


Mg% 

0,13 

— 

NS 

4 . 

+ 


K % 

0,89 

— 

NS 

-F 



Na% 

0,05 

— 

NS 

+ 

+ 


Mn ppm 

59,00 

— 

NS 

+ 

+ 


Zn ppm 

17,00 

— 

NS 

+ 

+ 


Fe ppm 

120,00 

— 

NS 


+ 

Rhizom 


0,55 

_ 

_ 

+ 

+ 


p % 

0,06 

- 

— 

+ 

+ 


Ca % 

0,17 

- 

— 


+ 


Mg % 

0,20 

— 

— 

+ 

+ 


K % 

0,95 

— 

— 

+ 

+ 


Na% 

0,08 

- 

— 

+ 

+ 


Mn ppm 

57,00 

— 

— 

-f- 

+ 


Zn ppm 

14,00 

- 

- 

+ 

+ 


Fe ppm 

300,00 

— 

— 


+ 

Wurzel 

N % 

0,85 

_ 

_ 

_ 

+ 


P O/ 

1 /o 

0,09 

— 

— 

— 

NS 


Ca % 

0,75 

— 

— 

— 

+ 


Mg % 

0,47 

— 

— 

— 

NS 
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Fortsetzung Tabelle 1 


Schilfrohrorgane 

Biogene Elemente 

Mittelwert 
(n 11) 

bezogen auf die 
Trockensubstanz 

Halm 

Rhizom 

Wurzel 

Wurzelhaar 
(Adventiv- 
w urzel) 


K % 

0,64 

_ 

_ 

_ 

NS 


Na% 

0,19 

— 

- 

— 

NS 


Mn ppm 

253,00 

- 

- 

- 

+ 


Zn ppm 

37,00 

— 

- 

- 

+ 


Fe ppm 

1390,00 

— 

— 

— 

NS 

Wurzelhaar 

/o 

1,23 

_ 

_ 

_ 

_ 

(Adventivw urzel) 

p % 

0,10 

— 

- 

— 

- 


Ca % 

1,39 

- 

- 

— 

- 


Mg% 

0,45 

- 

- 

— 

- 


K % 

0,44 

- 

- 

- 

- 


Na% 

0,14 


- 

— 

— 


Mn ppm 

402,00 


- 

— 

- 


Zn ppm 

55,00 


— 

- 

- 


Fe ppm 

1842,00 

— 

— 

— 

— 


{ = es 

P 

NS = es 

P 


besteht eine signifikante Differenz auf dem Wahrscheinlichkeitsniveau von 

— so. 

— J () 

besteht keine signifikante Differenz auf dem Wahrscheinlichkeitsniveau von 


Qjk = E Xij X.k ; Qjj = E Xlj; Q kk = £ xh . 

1 1=1 1 11 1=1 1-1 

Wenn die zwei verglichenen Organe alle Elemente in gleichem Verhàltnis enthalten. das heisst. 



so ist bei jedem i und h Zero, Cj ^ = 0. 

Es zeigt sich ein maxiinaler Unterschied unter den Organen, Cj k = /2, wenn fiir jeden 
i folgendes giiltig ist: 

wenn Xy > 0, dann ist X^ = 0 
wenn X^ > 0, dann ist X^ = 0. 

Unter den examinierten Teilen haben wir — Ej k und Cj ^ paarweise feststellend — cluster- 
Analyse durchgefiihrt. 

Die gewonnenen Ergebnisse konnen in eine Matrix zusaminengefasst werden und diese 
bildet den Ausgangspunkt zur cluster-Analyse. Von inehreren Verfahren scheint in diesem 
Fall die einfachste Methode, undzwar die Methode fiir »average linkage clustering« ausreichend 
zweckrnassig und entsprechend zu sein (die Beschreibung der Methode wird unterlassen, s. 
z.B. Sokal —Sneath 1963, Orlóci 1975). Das Ergebnis der cluster-Analyse ist an einem Den- 
drogranim veranschaulicht. Das Dendrogramin kann in einem Koordinatensystem dargestellt 
werden, wo auf der horizontalen Achse die einzelnen Schilfrohrteile. auf der vertikalen dagegen 
das Mass der Distanz bzw. in verkehrtem Verhàltnis zu dieser das Mass der Àhnlichkeit 
angegeben wird. 
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Tabelle 2 


V crgleichungstabellc der Mittelwerte des Gehalts ari biogenen Elementen der verschiedenen Teile 

des Schilfrohrs (Phragmites communis) 

(Daten aus 1976) 


Sehilfrohrorgane 

Biogeni* Elemente 

Mittelwert 
(n= 11) 

liezogen uni die 
Trockensuhstunz 

Maini 

Rhizom 

Wurzel 

Wurzelhaar 

(Adventiv- 

wurzel) 

Blatt 

N ° 

' /o 

2,42 

+ 

+ 




p % 

0 15 

+ 


NS 

NS 


Ca % 

0,19 

NS 

NS 


+ 


Mg % 

0,20 

+ 


+ 

+ 


K % 

1,22 

NS 

NS 

+ 

NS 


Na % 

0,04 

NS 

NS 

+ 

+ 


Mn ppm 

125,00 

NS 

NS 

+ 

+ 


Zn ppm 

20,00 

NS 

NS 

+ 

-j- 


Fe ppm 

129,00 

NS 

NS 

+ 

+ 


Pb ppm 

3,00 

NS 

NS 

NS 

4* 


Sr ppm 

13,00 

NS 

NS 

+ 



Cu ppm 

3,00 

NS 

NS 

+ 

4 

Halm 

N % 

0,74 

_ 

NS 

NS 

4 


P % 

0,08 

— 

NS 

NS 

4 


Ca % 

0,08 

— 

NS 


4 


Mg % 

0,06 

- 

NS 


4 


k % 

1,16 

— 

NS 

NS 

NS 


Na% 

0,06 

— 

NS 

NS 

4 


Mn ppm 

61,00 

- 

NS 


4 


Zn ppm 

14,00 

— 

NS 

+ 

4 


Fe ppm 

88,00 


NS 

+ 

_L 


Pb ppm 

1,00 


NS 

NS 

4 


Sr ppm 

1,00 

— 

NS 


4 


Cu ppm 

3,00 

— 

NS 

+ 

4 

Rhizom 

N ° 

0,59 

_ 

_ 


4 


p % 

0,08 

— 


NS 

4 


Ca % 

0,35 

— 


+ 

4 


Mg % 

0,12 

— 


+ 

4 


K 

1,24 

— 


+ 

NS 


Na % j 

0,11 

— 


NS 

4 


Mn ppm 

52,63 

— 



4 


Zn ppm 

20,72 

— 


+ 

4 
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Fortsetzung Tabelle 2 


Schilfrohrorgane 

Biogene Elemente 

Mittelwert 

(n=ll) 

bezogen auf die 
Trockensubstanz 

Halm 

Rhizom 

Wurzel 

Wurzelhaar 

(Adventiv- 

wurzel) 


Fe ppm 

1 

545,18 

— 

— 

+ 

+ 


Pb ppm 

2,54 

— 

- 

NS 

+ 


Sr ppm 

7,63 

— 

- 

+ 

+ 


Cu ppm 

3,72 

— 

— 

+ 

+ 

Wurzel 

N % 

0,86 

— 

_ 

— 

NS 


P % 

0,10 


- 

- 

NS 


Ca % 

1,34 

— 

- 

- 

+ 


Mg% 

0,30 

— 

- 

- 

NS 


K % 

0,63 

— 

- 

— 

NS 


Na % 

0,24 

— 

- 

- 

NS 


Mn ppm 

278,00 

— 

- 

- 

+ 


Zn ppm 

112,00 

— 

- 

— 

NS 


Fe ppm 

4903,00 

— 

- 

— 

+ 


Pb ppm 

14,00 

— 

- 

— 

NS 


Sr ppm 

37,00 

- 

- 

— 

+ 


Cu ppm 

21,00 

— 

— 

— 

+ 

Wurzelhaar 

N % 

1,09 

— 

_ 

— 

— 


P % 

0,14 

— 

- 

— 

- 


Ca % 

2,05 

- 

- 

- 

— 


Mg % 

0,30 

— 

- 

- 

— 


K % 

0,95 

— 

- 

— 

— 


Na% 

0,32 

— 

- 

- 

— 


Mn ppm 

433,00 

— 

- 

— 



Zn ppm 

136,00 

— 

— 

— 

— 


Fe ppm 

6434,00 

— 

- 

— 

— 


Pb ppm 

25,00 

— 

- 

— 

— 


Sr ppm 

63,00 

- 

- 

- 

— 


Cu ppm 

28,00 

— 

— 

— 

— 


-f- = es besteht eine signifikante Differenz auf dein Wahrscheinlichkeitsniveau von 

P = 5% 

NS = es besteht keine signifikante Differenz auf dem Wahrscheinlichkeitsniveau von 
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Untersuchungsergebnisse 

Die verschiedenen Teile des Schilfrohrs enthalten — im Durchschnitt 
von 2 Jahren — Poly- und Oligoelemente in folgender Quantitàt (im Prozent- 
wert der Trockensubstanz, bzw. in ppm): 



N, P, Ca, K, Mg, 
Na, Fe 

% 

Mn, Zn, Sr, Cu, 
Pb, ppm 

Blatt 

4.79 

186 

Halm 

2.11 

81 

Rhizom 

2.38 

83 

Wurzel 

3.48 

273 

Wurzelhaar (Adventivwurzel) 

4.78 

637 


Die untersuchten biogenen Elemente hàuften sich in gròsster Menge in 
den Blàttern und Wurzelhaaren, sowie in den Wurzeln an. Die erwàhnten 
Organe stellen die aktiviste Teile der Pflanzen dar — und zwar wegen ihrer 
Nàhrstoffaufnahme, bzw. ihrer Assimilationsfàhigkeit. Die untersuchten 
Spurenelemente werden besonders von den Wurzelhaaren akkumuliert. Die 
Elementenanhàufung im Halm und Rhizom zeigt annahernd identische Men- 
gen. Stickstoff und Phosphor, die unseren jetzigen Kentnissen gemàss eine 
wichtige Rolle in der Eutrophierung (Nàhrstoffanreicherung) des Sees spielen, 
akkumulieren sich vor allem in den Blàttern des Schilfrohrs. 

In der Umgebung der Zala-Miindung (Balatonberény, Balatonszent- 
gyòrgy, Fenékpuszta), wo — dank des Zala-Flusses — das Wasser des Balaton 
regelinàssig mit einer gròsseren Menge von Stickstoff (Phosphor und organi- 
schem Material) belastet wird, erreichte der Stickstoffgehalt der Blàtter - 
laut den Untersuchungen in 1975 — 3,51—3,87 Prozent. Wo das Wasser des 
Sees weniger Stickstoff enthàlt (Balatonszepezd, Révfulòp, Balatonkenese) 
bewegte sich der Stickstoffgehalt um 2% herum. 

Wo das Wasser und das Sediment einen hoheren Phosphorgehalt zeigte 
(z.B. in der Umgebung der Zala-Miindung), konnte in den Schilfrohrblàttern 
0,15—0,19%, anderswo dagegen nur 0,07—0,14 Prozent gemessen werden. 

Das Schilfrohr mag — von dem Stickstoff- und Phosphorgehalt der geo- 
chemischen Umgebung abhàngend — beide Elemente in einer verhàltnis- 
inàssig gròsseren Menge anhàufen. Aufgrund des Stickstoff- und Phosphor- 
gehalts der Blàtter kann man auch auf die Nàhrstoffverhàltnisse des Wassers 
und des Sediments schliessen (vgl. Toth—SzabÓ, 1968). 

Im Halm, Rhizom und in der Wurzel hàufen sich Stickstoff und Phosphor 
in verhàltnismàssig kleineren Quantitàten an. Die grosse Absorptionsflàche 
zeigende Wurzelhaar enthàlt ung. 1% Stickstoff und 0,12% Phosphor. Auf- 
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grund der im Ausland durchgefùhrten Produktionsuntersuchungen (vgl. 
Dykyjova—Hradecka, 1976) kommen auf eine Raumeinheit ungefàhr. 1 Ge- 
wichtsteil Blatt und 3 Gewichtsteile Halm vor. So hàuft sich in 3 Gewichtsteilen 
des Halms und in einem Gewichtsteil des Blattes eine annàhernd identische 
Menge von Stickstoff und Phosphor an. 

Das Schilfrohrblatt und der Rohrhalm reservieren wàhrend der Vegeta- 
tionsperiode eine bestimmte Menge biogener Elemente und diese Nàhrstoff- 
menge bleibt — als eine potentielle Belastung des Seewassers — aufrecht- 
erhalten. Auch darum ist es wichtig, dass — im Rahmen der planmàssigen 
Schilfrohrbewirtschaftung — die absterbenden Blatt- und Halmteile, in der 
Winterperiode, aus der Uferzone weggeschaffen werden (Schilfrohrschnitt). 

Von den Alkalimetallen kommt Kalium in gròsseren Quantitàten im 
Blatt (1,13—1,22%)*, im Halm (0,89—1,16% und im Rhizom (0,95—1,24%) 
vor. Die Wurzel und die Wurzelhaare (Adventivwurzeln) enthalten eine ver- 
hàltnismàssig kleinere Quantitàt (0,44—0,95) von Kalium. Demgegeniiber ist 
Natrium vor allem in der Wurzel (0,19—0,24%) und in den Wurzelhaaren 
(Adventivwurzeln) (0,14—0,32%) zu finden. Das Rhizom, der Halm und das 
Blatt enthalten nur wenig Natrium. 

Kalzium und Magnesium sind in bedeutenderer Quantitàt besonders in 
der Wurzel (Ca 0,75—1,34%; Mg 0,47—0,30%) und in den Wurzelhaaren — 
Adventivwurzeln — (Ca 1,39—2,05%; Mg 0,45—0,30%) nachzuweisen. 
Kalzium kommt immer in einer gròsseren Menge als Mg vor. Laut den Unter- 
suchungen im Raume von Szigliget, Keszthely und Tihany (Entz—Pónyi— 
Tamas, 1963) enthàlt das Sediment durchschnittlich 20 Prozent Ca (Mittel- 
wert von 17 Proben) und 3,2 Prozent Mg (Mittelwert von 12 Proben). 

Das relative Maximum von Eisen — welches einen Ubergang zwischen 
Poly- und Oligoelementen darstellt —, Mangan, Zink, Blei, Stronzium und 
Kupfer zeigt sich in der Wurzel und in den Wurzelhaaren, eine Schw ermetall- 
Akkumulation in kleinerem Masse kann jedoch auch im Blatt nachgewdesen 
werden. 

Mit Beriicksichtigung der absoluten Mengen der Elemente haben wir die 
Schilfrohrorgane auch aufgrund der Daten von 1975—1976 verglichen. Die 
Struktur der mittels einer cluster-Analyse gewonnenen Dendrogramme (Abb. 
la—lb) ist vòllig identisch. Es ist wohl zu sehen, dass der Halm und das Rhi¬ 
zom am àhnlichsten sind, wàhrend sich auch zwischen den Wurzelhaaren und 
der Wurzel eine grosse Alinlichkeit zeigt. Die im Blatt befindlichen Stoff- 
mengen weichen von denen der iihrigen Organe auffallend ah. Dem scheint zu 
widersprechen, dass z.B. aufgrund der Daten von 1976, zwischen dem Blatt 
und dem Halm, bzw. zwischen dem Blatt und dem Rhizom nur im Falle von 3 


* Bei der Angabe der Mittelwerte bedeutet die erste Zahl den Wert der Analyse in 1975, 
die zweite den der Analyse in 1976. 
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Abb. 1. Dcndrogranim der Schilfrohrorgane aufgrund der Distanzfunktion von Ecklid. 

a: 1975, b: 1976 


Elementen eine signifikante Differenz nachzuweisen war (N, P, Mg). Diese 
Elemente hàufen sich jedoch — im Yergleich mit dem Halm und Rhizom — 
im Blatt in grosser Quantitàt an. 

Die Untersuchung der Proportionen der Elemente fiihrte zu den Dendro- 
grammen, die auf Abbild 2a—2b dargestellt wurden. Der Halm und das Rhizom, 
bzw. die Wurzel und die Wurzelhaare zeigten auch in dieser Hinsicht eine 
grosse Àhnlichkeit. Das Blatt weicht auch in diesem Fall bedeutend ab, so 
kann z.B. aufgrund der Daten von 1976 festgestellt werden, dass sich die Pro¬ 
portionen der Elemente aufgrund der chord-distance in der Richtung Wurzel- 
haar—W urzel—Rhizom—Halm—Blatt verschieben : 

Blatt-Halm = 0,528 

Blatt-Rhizom = 0,661 
Blatt-Wurzel = 0,849 

Blatt-Wurzelhaar = 0,897 

Von den Teilen des Schilfrohrs zeigt das Rhizom die làngste Lebensdauer 
(vgl. Rodewald—Rudescu, 1974), es bewahrt scine Aktivitiit fiir 3—10, 
in manchen Fàllen sogar fiir 20 Jahre. So werden die im Rhizom befindlichen 
Elemente fiir eine liingere Zeit reserviert. 

Infolge der Akkumulation von Schwermetalien in der Wurzel und in 
den Wurzelhaaren des Schilfrohrs wird die toxische Wirkung dieser Metalle 
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c c 



Abb. 2. Dendrogramm der Schilfrohrorgane aufgrund der chord-distance. a: 1975, b: 1976 


geschwàcht. Das ist besonders wichtig im Falle von Zn und Cu. Beide Schwer- 
metalle kònnen mit den Fungiziden »Zineb« und »Cupromix«, die bei der 
Berieselung (vom Flugzeug) der Weingebiete der Balaton-Gegend angewandt 
werden, in den See gelangen. Laut der Untersuchung des VITUKI* in 1973 
(VITUKI, 1975) enthàlt das Wasser des Balaton 10—50 Milligramm/1 Zink 
und 2—8 Milligramm/1 Kupfer. Laut den Untersuchungen von Herbst (1966) 
iibt bereits eine kleine Menge Zink eine toxische Wirkung auf die verschiedenen 
Gammarus-Arten aus. 

Den literarischen Daten gemàss (Hurlimann, 1961, Krotkevic, 1963, 
Nikolajevskij, 1970, Rodewald-Rudescu, 1974, Dykyjova—Hradeckà, 
1976, usw.) besitzt die Adventivwurzel des Schilfrohrs die Fàhigkeit, Nàhr- 
stoffe auch unmittelbar aus dem Wasser aufzunehmen. Das ist darum bedeu- 
tend, weil die in das Wasser gekommenen Nàhrstoffe und Schwermetalle im 
Schilfrohr beinahe sofort blockiert werden kònnen. 

Aufgrund der Berechnung des Konzentrationsfaktors (die hinsichtlich 
der chemischen Zusammensetzung des Balaton-Wassers vorgenommen wurde) 
konnte festgestellt werden, dass die Wurzelhaare, bzw. die flaumhaarigen 
Adventivwurzeln die untersuchten biogenen Elemente (Schwermetalle) aus 
ihrer Umgebung in bedeutender Quantitàt anzuhàufen verinògen. Zum Ver- 

* Wasserwirtschaftliches Forschungsinstitut. 
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gleich wird hier auch der Konzentrationsfaktor* der Balatoner Laichkràuter 
angegeben (vgl. KovÀcs, 1977). 

Konzentrationsfaktor der Elemente: 


Schilfrohr 

Wurzelhaar, 

Adventivwurzel 


Laichkràuter 


N 

IO 4 

IO 4 

Fe 

IO 4 

IO 3 

Mn 

IO 4 

IO 3 

K 

IO 3 

IO 3 

Cu 

IO 3 

IO 3 

Zn 

IO 3 

IO 3 

P 

IO- 

10* 

Ca 

IO- 

— 

Mg 

IO 2 

IO 2 

Na 

IO 2 

IO 2 


Aufgrund der Daten des Konzentrationsfaktors vermogen die flaum- 
haarige Adventivwurzel und das Wurzelhaar des Schilfrohrs — infolge ihrer 
grossen Adsorptionsflàche — eine ebenso grosse Menge von Stickstoff und 
Schwermetallen zu akkumulicren, wie die Laichkrautarten. Phosphor wird in 
den Wurzelhaaren in einer verhàltnismàssig kleineren Quantitàt angehauft 
als in den Laichkràutern, das wird aber von der gròsseren Schilfrohrmasse 
ausgeglichen. Es ist charakteristisch fiir das typische Ròhricht, dass in seiner 
unteren Schicht hàufig Laichkràuter zu finden sind, die den in das Wasser 
gekommenen Phosphor festbinden. So spielt im Schutz des Sees, in der biolo- 
gischen Reinigung des Wassers und in der Blockierung des ins Wasser ge- 
langten Phosphors nicht allein das Schilfrohr, sondern das gesamte Ròhricht 
eine bedeutende Rolle. 

Die verschiedenen Organe des Schilfrohrs hàufen die untersuchten Eie- 
mente — aufgrund der quantitativen Verhàltnisse — in verschiedenen Mengen 
an, wàhrend diese Reihenfolge gelichzeitig auch fiir die verschiedenen Organe 
charakteristisch ist: 

Blatt: N > K > Mg > Ca > P > Na > Fe > Mn > Zu > Sr > Cu > Pb 

Maini: K > N > Mg > Ca > P > Na > Fe > Mii > Zn > Cu > Pb > Sr 

Rhizom: K > N > Ca > Mg > Na > P > Fe > Mn > Zn > Sr > Cu > Pb 

Wurzel: Ca > N > K > Mg > Fe > Na > P > Mn > Zn > Sr > Cu > Pb 

Wurzelhaar: Ca > N > K > Mg > Fe > Na > P > Mn > Zn > Sr > Cu > PI) 

(Adventiv¬ 
wurzel) 

* Konzentrationsfaktor = 

Quantitat des Elements, bezogen aus den Trockengewicht der Pflanze in ppm 
Gehalt des Wassers an Elementen in //g/ml 
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Zusammenfassung der Untersuchungsergebnisse 

Das Schilfrohr akkumuliert aus seiner Umgebung eine bedeutende Menge 
biogener Elemente in seinem Organismus an, schliesst diese fiir eine bestimmte 
Zeit aus dem biochemischen Zyklus aus und macht sie fiir andere Pflanzen 
(Laichkraut, Alge) unaufnehmbar. 

Die verschiedenen Organe des Schilfrohrs enthalten die biogenen Eie- 
mente in differenten Quantitàten und aufgrund der quantitativen Yerhàlt- 
nisse in abweichender Reihenfolge. 

Das Schilfrohr hàuft die biogenen Elemente in seinen Blàttern an, vor 
allem N, P und K, die in der Nàhrstoffanreicherung des Seewassers eine Rolle 
spielen. Da das Schilfrohr eine gròssere Menge von Stickstoff und Phosphor 
aufzunehmen vermag, ist sein Schutz an solchen Stellen erwunscht, und es 
besitzt in Hinsicht auf den Umweltschutz des Sees besonders dort eine Be- 
deutung, wo die einmiindenden Gewàsser das Wasser des Balaton mit einer 
grossen Menge organischer und Nàhrstoffe belasten (z.B. in der Nàhe von 
landwirtschaftlichen Kulturen, usw.). 

Aufgrund des N- und P-Gehalts der Blàtter kann auf den geochemischen 
Charakter des Biotops und auf die Nàhrstoffverhàltnisse des Wassers, sowie 
des Sediments geschlossen werden. 

Da das Schilfrohr die biogenen Elemente vor allem in seinen Blàttern 
anhàuft und der Abbau der Elemente schnell vor sich geht, ist es notwendig, 
dass in der Herbst- und Winterperiode die absterbenden Blatt- und Halm- 
teile regelmàssig weggeschaffen werden. 

Infolge der grossen Adsorptionsfàhigkeit der Wurzel, und besonders 
des Wurzelhaars (Adventivwurzel) enthalten diese Organe eine bedeutende 
Menge biogener Elemente. Ca ist vor allem in der flaumhaarigen Belegung zu 
messen, wo sich fallweise auch Mg und das relative Maximum des Na-Gehalts 
befindet. Von den untersuchten Mikroelementen hàuft sich hier Mn, Zn, Fe, 
Sr, Pb und Cu an. Das Wurzelhaar, bzw. die Adventivwurzel verringern durch 
die Akkumulation von Schwermetallen die Toxizitàt der in das Wasser gekom- 
menen Schwermetalle. 
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évben végzett kutatasról (Untersuchung der Wasserqualitàt des Baiatoli. Aufschliessung der 
chemischen und biologischen Verhàltnisse des Sees, Forschung der Eutrophisation, Laich- 
krautubervermehrung und Nahrstoffzirkulation. VITUKI-Themenhericht iiber die Forschung 
im Jahre 1974). Budapest 1975. 1-71, 1 38. 
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STUD1ES ON AFRICAN CALYMPERACEAE II 


By 


S. Orbàn 

HO SI MINI! TEACIIERS’ COLLEGE, DEPARTMENT OF BOTANY (ECER, HUNCARY) 
(Received September 14, 1977) 


Syrrhopodon usambaricus Broth. ex Orbàn spec. nov. Occurrence of S. brevi - 
vaginans Demar. et Leroy and of S. linealis Dix. et Thér. in East Africa, of S. mauritianus 
in East Africa and in Madagascar. Syrrhopodon glaucovirens Mitt. var. rufus Ren. 
er Gard. noni. nud. is a synonym of S. glaucophyllus Ren. et Card. var. rufus Ren. 
et Card. 


Studying thè African Syrrhopodon materials of thè Helsinki National 
Museum (H, consisting mostly of thè materials of Brotherus Herbarium, 
H-BR), thè autlior has found, along several interesting data, an undescribed 
East African species, designated on thè herbarium label by Brotherus, as 
Syrrhopodon usambaricus sp. nov. The autlior, comparing tliis specimen with 
other East African materials, recognized it, as new, composed its diagnosis 
and completed thè knowledge ahout its distribution by data from thè Uluguru 
Mountains. 


1. Syrrhopodon usambaricus Broth. ex Orbàn nov. spec. 

(Subgenus Orthotheca) Figs 1 —12 


Diagnosis: Habitu Syrrhopodon stuhlmannii simile. Laxe caespitosus, pallide vel albo- 
viridis. Caulis ramosus, 2—10 cm longus, apice radiculosus, ob vaginam folii albicans, 
dense vel laxe foliosus. Eolia sicca erecto-arcuata, madida erecto-patentia, apice longe acu¬ 
minata, lineari-lanceolata, 8 -12 min longa. Vagina obovata, 1/4—1/5 folii longitudini attin- 
gens, ventre, 1,5—2 inni lata, basi 1 min. Cellulae limbidii vaginae 8—11 seriatae, unistratae; 
margines vaginae versus basim sensim evanescentes, ciliis arcuatis ornati. Cellulae cancelli- 
narum ad ventrem 15—18 seriatae, rectangulae, 29—57 /an, versus limbum quadratae vel 
subquadratae, supra ventrem vaginae in lamina ad 1/3 folii longitudini continuae. Lamina 
e parte vaginae sensini angustiora, limbo laminae pluristrato, 50 /an lato, e medio parte 
folii geminatini serrato et supra ventrem ad apicem acutis papilloso. Cellulae chlorophyllosae 
laminae rectangulae vel hexagonae, 6,3 X 8,5 //in, irregulares, inagnae et acute papillosae. 
Costa basi 90 100 /an lata, apicem versus 70 /an, dorso aculeato papillosa, superne utrinque 

dentata. Dioicus. Eolia perichaetialia caulinis similia. Capsula oblonga ovata, subcylindrica, 
2 inni longa, pedicello fulvo, 0,7—1 cm longo. 
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Figs 1 —5. Syrrhopodon usambaricus Broth. ex Orbàn n. sp. 1. leaf apex; 2. leaf; 3. chlorocysts; 
4. transversai section of leaf sheath; 5. cancellinae. All drawn from thè type (H-BR) 


Holotypus: Usambara, Lutincli, leg. Liebusch 1902 (H-BR) . 

In appearance similar to Syrrhopodon stuhlmannii Broth., forming dull, 
pale green cushions of 2 10 cm height. Stem branching, covered by rhizoids 

in its full length, and by whitish leaf sheaths. Leaf blades bent and declining 
from thè stem, when dry, moistened stiff and spreading, lanceolate, 8 —12 mm 
long, gradually pointed. Sheathing part obovate, 1/4 1/5 of thè full leaf length, 

widest at its upper third (1.5 —2.0 mm, while at its base only 1 mm broad), 
bordered by 8 11 cells of broad, unistratose limbidium, with dentate margin; 
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Figs 6 11. Syrrhopodon usambaricus Broth. ex Orba» n. sp. 6. cibate bordcr of sheath; 

7. capsule; 8. exothecial cells; 9. stoma of capsule neck; 10. a) and b) transversai sections from 
thè middle part of biade; 11. sporae. 6. and IOa), b) are drawn from thè type (H-BR), 7.—9. and 
11. are drawn from T. Pócs, J. and M. Kornas No 6531/H. (EGR) 


teeth large and turned outwards on thè shoulder, shorter and finally disappear- 
ing towards thè base. Cacellinae in 15—18 rows at thè hroadest part, elongate 
quadrangular, 29x57 //in in thè center, almost square near thè border, of 
sheath; continuing in thè biade along thè midrih, up to about 1/3 of full 
leaf length. 


8* 
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The lamina above thè sheathing part (“biade” in thè future) narrow 
lanceolate, gradually tapering into a very long acumen, bordered hy pluri- 
stratose margin. Hyaline border at mid-leaf lengtli 50 /uni broad, papillose, 
with doublé teeth becoming denser near apex. Conducting elements are seen 
along thè stereids in its transversai section. The conducting elements gradually 
disappear towards apex. Chlorocysts small, rounded 4 6 angular, 6.3 8.5 /u m, 

ornated by 1 large, apiculate papillae on each side. Midrib vigorous, width 
at l>ase 90 100 //m, near apex 70 //m, dorsally spinose, ventrally, covered 

by blunt papillae. 

Dioicous. Perichaetial leaves similar to those of thè stem leaves. Seta 
7—10 min long, reddish yellow. Capsule oblong ovate, brownish red, there 
are phaneropor stornata with 4 guard cells on its neck. 

Note: The above described species belong to thè Subgenus Orthotheca , 
Section Tricostatae (proposed by S. Orban). Although in its appearance 
resembles S. stuhlmannii , thè other member of thè same section, it differs 
from it in several important characters. First, thè border of leaf sheatli is 
unistratose hy S. usambaricus , while S. stuhlmannii has a robust, midriblike 
sheatli border with stereids and with centrai conducting elements. On thè 
other band, thè border of thè biade is similar to that of S. stuhlmanii , having 
thè same stereid, and conducting elements, and differing in this way from 
all other African species of thè genus. Other distinguishing characters of 
S. usambaricus are: thè papillosity of chlorocysts on botli sides of thè biade, 
thè shorter seta and thè structure of stornata on thè capsule neck, which have 
4 guard cells (2 by S. stuhlmannii). 

The structure of leaf border, similarly to S. stuhlmannii , has evolutionary 
significance. The new species connects S. stuhlmannii with thè other species 
of Subgenus Orthotheca , which have a pluristratose border composed of stereids, 
but without conducting elements (cf. Demaret — Lery 1947). 

Ecology: Syrrhopodon usambaricus occurs in thè Uluguru Mountains, 
similarly to S. stuhlmannii in mountain forests and in elfin woodlands, where 
thè annual precipitations exceed 3000 mm on an average, and there is no dry 
season (Pócs 1976), at an altitude of 1400 2100 m. It never occurs on soil 

(S. stuhlmannii is mostly terricolous), but only on granitic rocks and more 
seldom, on bark. 

Seems to be endemie in thè old, mostly precambrian crystalline massifs of 
Tanzania, East Africa, as in thè Ulugurus and in thè Usambara Mountains. 

Distribution: 

Usambara Mts. 

Lutindi, leg. Liebusch, 1911. — (H—BR). (Sub nomine Syrrhopodon Liebuschii Broth. 

noni. nud. ex II-BR.) 

Uluguru Mts. 

South end of Lupanga. Ridge above village Mbete, 1850—2000 m, Elfin forest of 

Podocarpus , Syzygium , Schefflera polyseiadia , Allanbackia uluguruensis. On shady 
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granitic rocks. Coll.: T. Pócs and K. B. G. Nchimbi, 6287/C. (Sub nomine S. mildbraedii 
Broth. in Bizot and Pócs 1974; 421). (EGR, BP, DSM) 

In thè lower part of Mwere valley above Morogoro, in 1450—1530 m alt. Mountain 
rain forest along Mwere streain. On shady rocks. Coll.: T. Pócs, J. and M. Kornas 
6531/H. (EGR, BP, DSM) 

SE ridgc between Bondwa and Magari. 2000 2100 m. Corticolous in elfi ti forest. 

Coll.: T. Pócs, R. Faden, B. Harris, P. and K. Csontos, 6261 /R. (EGR. BP, DSM) 
Gorge of Mt. Kinazi near thè waterfall in alt. 1400 1650 m, above Morogoro. Mountain 

rain forest, rocky type. Corticolous. Coll.: T. Pócs, 6289/BG. (EGR, BP) 

On thè vertical granitic rock walls of Magari Peak above Mzinga, 2150 ni alt. Coll.: 
T. Pócs, Kondela and Nchimbi. 6298/0. (EGR. BP) 


2. Some interesting occurrences in East Africa and 
in thè neighhouring Islands 

Syrrìiopodoii brevivaginans Dentar . et Leroy in East Africa 

The species, described by Demaret and Leroy (1974: 224) from Central 
Africa, from thè eastern highlands of Zaire, is now recognized from two local- 
ities in Tanzania, both occurring in thè submountain rain forest zone, with 
high (2 3000 mm) precipitation and no reai dry season. The occurrence on 

bark in thè highly precipitous areas is similar to thè type locality. 

It is worth mentioning, that Brotherus has found and recognized tliis 
species, as new, froin thè collection of Baur made in thè Usainbara IVIountains 
at thè beginning of tliis century. He wrote thè mime Syrrhopodon (Orthotheca) 
grandidens Broth. on thè herbarium label, hot never described it. Demaret 
and Leroy bave not seen this specimen, therefore this early record carne to 
light only, when thè present author studied thè materials from thè Brotherus 
herbarium and found it to he conspecific with S. brevivaginans. 


Distribution: 


Type locality: Kafukumha, leg. F. Overlaet, Nov. 1922. riv. 
leg. Overlaet 1923. 

New records: 


Usainbara Mts. 


Lushiji, cours inférieur, corticole. 


Inter Magrotto et Muheza, in truco perniagno a rento dejecto, 690 in, 1906, coll.: 
G. Baur. Bryoth. E. Levier No 6792. (sub nomine Syrrhopodon [Orthotheca] 
grandidens Broth. noni. nud. ex Herb. V. F. Brotherus). (H-BR) 

Uluguru Mts. 

Submountain rain forest near Kinole sawmill, 1000 m. Corticolous, Coll.: PÓCS, 
Faden, Csontos, Harris, 6264/N. (EGR) 

! 

Syrrhopodon mauritianus C . Muli, ex Àngstr. new for Continental Africa 

and for Madagascar 


Syn.: S. malouinensis Àngstr. 

Syn. nov.: S. sparsus Ren. et Card. 

This species was known until now only from thè Mascarene Islands 
(Mauritius, Réunion). The author has identified it from thè materials collected 
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by T. PÓCS in thè Uluguru Mts., Tanzania, which agrees well with thè authentic 
specimens of S. mauritianus. After studying thè description and materials of 
thè related S. sparsus Ren. et Card., thè author has found a Madagascar 
specimen from thè Brotherus Herbarium (H-BR), which was studied and 
designated by Renauld and Cardot, to thè latter species. Already Renauld 
and Cardot observed thè dose relation between thè two species, basing their 
distinction only on “petites dimensions, la forme des feuilles et le tissu de 
la base Yen éloignent considerablemcnt” by S. sparsus. Comparing thè trans¬ 
versai section of this Madagascan S. sparsus specimen with thè figures of thè 
type of S. mauritianus given by Demaret et Leroy (1974: 214, fig. 27/C), 
and with other S. mauritianus specimens, their structure proved to be identical. 
Only thè size of thè plants and thè shape of their leaves seemed to be slightly 
different. But, when thè present author studied thè juvenile shoots of S. mauri¬ 
tianus , found a complete identity with thè Madagascan S. sparsus specimen 
and with thè descriptions of S. sparsus by Renauld and Cardot. Therefore 
on thè one hand, this specimen from Madagascar sliould be identified with S. 
mauritianus. On thè other hand, S. sparsus Ren. et Card, is also a juvenile 
form of S. mauritianus as it was proved after examining thè type specimen 
of Syrrhopodon sparsus. 

The occurrence of Syrrhopodon mauritianus in Madagascar and in East 
Africa enriched known number of thè Madagascan elements in thè old 
crystalline massifs of East Africa, studied by Pócs (1975), underlining thè 
dose floristic affinity of these mountains not only with Madagascar, but also 
with thè Mascarene Islands, similarly to thè distribution of thè recently de- 
scribed Syrrhopodon insularis Bizot et Onraedt (cf. Orban 1978). 


Distribution: 


Réunion, leg. Rodriguez, ex Herb. J. Cardot (H-BR) 

Mauritius, leg. Voeltzkow, 1904, (H-BR) 

Mauritius, leg. N. ,J. Andersson, 1872, (Cit. Bescherelle) 1878: 349 (PC) 

Mauritius, leg. Jitadorrou (Sub nomine S. malouinensis (H-BR) 

Madagascar, Reg. australe: cercle militaire de Bara, secteur d’Ivondro. poste de Soarano. 

leg. Croll, 1900, ex Herb. G. Paris (H-BR) — sub nomine S. sparsus Ren. et Card. 
Tanzania, Uluguru Mts., Mwere valley above Morogoro, 1450 in, Wet mountain forest near 
thè stream. On bark. leg T. Pócs 6105/AG. (EGR. BP) 


Syrrhopodon linealis Dix. et Thér. in East Africa 

This member of thè Section Crispati was known only from thè fringing 
forests and from thè surrounding deciduous woodlands of upper Shaba, Zaire. 
Tlie new record from thè I lugurus, Tanzania, agrees quite well with these in 
its environmental features, from thè border of deciduous woodland and 
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mountain forest zones on thè lower rainfall lee-side of thè mountain». The 
new localities: 

Tanzania. Nguru Mts. Mafulumula coll, above Mnembula village in 1650 1800 m. Mountain 

rain forest. Corticolous. Coll.: T. Pócs and H. J. Schlieben No 6438/AF (EGR, BP) 
Tanzania, Uluguru Mts. On thè W-ridge of Lupanga peak above Morogoro Town. In woodland- 
forest transitimi. 1350—1500 in. Corticolous. Coll.: T. Pócs, R. and S. Sharma, P. 
Mwanjabe, 6546/H. (EGR) 


Syrrhopodon glaucophyllus Ren. et Card. var. rufus Ren. et Card., 
Bull. Soc . R. Bot. Belg. 33/2: 116 {1895) 

Syn.: Syrrhopodon rufus Ren. et Card. nom. nud.. Musei Masc. Mad. Exsicc. 
no. 114. 

Syn. nov.: Syrrhopodon glaucovirens Mitt. var. rufus Ren. et Card, ex Wijk- 
Margadant-Florschiitz: Index Muscorum 4: 604 (1968). 

The latest combination is an error in thè IVth volume of Index Muscorum, 
referring hy thè name of Syrrhopodon rufus to thè combination of S. glauco¬ 
virens Mitt. var. rufus Renauld et Cardot (1895: 116). In fact, thè French 
authors in thè cited paper proposed validly thè combination of S. glauco¬ 
phyllus var. rufus, and used neither bere, nor in their later works thè combina¬ 
tion given by thè Index. Syrrhopodon glaucovirens Mitt. belongs to an other 
subgenus ( Orthotheca ), and not to Eusyrrhopodon, where Syrrhopodon glauco¬ 
phyllus and its variety rufus does. An originai specimen of S. rufus Ren. et 
Card, deposited in H-BR was studied by thè author, who compared it with 
thè types of both S. glaucophyllus and S. glaucovirens. The specimen showed 
affinity only with thè former species. 

In thè Vth volume of Index Muscorum (1969) thè Supplementum cites 
properly thè name of thè combination Syrrhopodon glaucophyllus Ren. et Card, 
var. rufus Ren. et Card., but fails to make thè necessary correction of thè 
mistake made in Voi. IV and gives a wrong pagination for thè paper of Renauld 
and Cardot (117 instead of 116). Therefore thè Index does not exclude thè 
possibility of tw r o independent taxa, which in reality do not exist. 
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A METHOD FOR CLUSTERING OF BINARY 
(FLORISTICAL) 

DATA IN VEGETATION RESEARCH 


By 

J. POD ANI 

RESEARCH INSTITUTE FOR ROTANY, HUNGARIAN ACADEMY OF SCIENCES, VÀCRÀTÓT 

(Received Aprii 20, 1977) 

A new formula, weighted dissimilarity index (Wl)I) is proposed for measuring 
locai and fiorai dissimilarity taking thè importance of attributes into consideration. 
Application of this index to thè “centroid sorting” method is illustrated by a hypotheti- 
eal example. Results of thè study of a rocky grasslatul community are also included and 
hriefly discussed. 


I. Introdticiion 

1.1. It is well-known that thè use of binary (presence-absence) data has 
many advantages in vegetation analysis but in most papers published until 
now thè problem of weighting has generaliy been neglected. In t hè coinparison 
of two quadrats all species were taken into consideration of equal weight. 
It is obvious, however, that some a mass variables” (e.g. frequency) should 
bave some róles in constructing a sorting algorithm. In this case thè more 
frequent species are more important than thè less frequent or rare ones, so 
thè common species should bave greater effect on thè similarity (or dissimi¬ 
larity) between two given quadrats. In thè same way, in consequence of 
thè duality of attributes, thè quadrats of highest species number give thè 
greatest informatimi about some plausible measure of dependence, so they 
should he considered with a higher weight than thè quadrats of small number 
of species. 

Starting from thè assumptions mentioned above, I propose a weighted 
dissimilarity index (denoted by WDI in this paper). The application of WDI 
seems to bave many advantages for cluster analysis, and so it is wortli demon- 
strating by both hypothetical and concrete examples (V VI). 

1.2. The indices and metrics used in vegetation research will not he 
detailed bere. Advantages and disadvantages of these functions have been 
discussed by numerous papers and monographs (Dagnélie 1960; Sokal and 
Sneath 1963; Greig-Smith 1964; Kersiiaw 1964; Cheetiiam and Hazel 1969; 
Gounot 1969; Goodall 1973a; Orlóci 1972, 1975 etc.). In this paper only 
thè most important formulae will he mentioned (III.). The methodical problems 
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of cluster analyses will not be discusseci, either, since numerous books and ar- 
ticles are available concerning this topic (Lance and Williams 1966; Williams, 
Lambert and Lance 1966; Rohlf 1970; Jardine and Sibson 1971; Orlóci 
1975; Hartigan 1975). 

1.3. The method described in IV.—V. can also be applied to quantitative 
data (coverage, frequency etc.), but in this study only thè hinary cases are 
dealt with. Comparison of quantitative data raises a number of questions thè 
discussion of which is beyond thè scope of this paper. 


IL Definitions 


II.1. Before thè discussion it is important to give a summary of thè 
denotations and their definitions used in this paper. First let us consider thè 
following matrix: 


17 <°) = 


z = 


q = 


S 1 



' 


~ Pi 

Si 

• • -fi? 

V = 

Vi 

p = 

Pi 

s n 



- v n _ 


Pn - 


[?!’ * * * Qp • • • 


In matrix U ^ thè columns are thè fiorai vectors of thè sampling units, 
thè rows are thè locai vectors of thè species. It is wortli inentioning that 
may be called floristic composition which is a set of relations between m 
sampling units and n species found in thè examined area T (JuhÀsz-Nagy 
1976). 

II.2. /W expresses thè species-locus relation: 


f(0) 

' ij 


1, if s, is present in tj 
0, if Sj is not present in 


so/W is an indicator function. The^ 0) upper index indicates that LP°Hs thè matrix 
of thè basic data. In thè course of thè clustering algorithm either thè number 
of thè columns or that of thè rows of this matrix will he reduced step by 
step. Then will no longer be an indicator function and its value will range 
from 0 to 1 (see V. for more details). 

II.3. Let Vf denote thè number of those sampling units in which s, is 
present. Thus v is thè valence distribution of all thè species: 

v = [*>!,... v ,,... »„], where v t = . (II.3.1.) 
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II.4. Zj is thè nuniher «f species present in tj. Accordingly z is tlie vaienee 
distribution of thè sampling units: 


z 1... Zj 9 ... z m ), where Zj £ 

i 

II.5. N denotes thè total valence: 

/v = y v . = y z - 

1 * v l é-J Ù J 


(II.4.1.) 


(II.5.1.) 


II.6. Let pi denote thè estimated prohability of thè presence of s, in T at 
thè given quadrat size.Tlius p is thè prohability distribution of thè species: 


p = i p v ...p : ,...p n ,\. 


w 


bere b: = — 


(II.6.1.) 


II.7. qj denotes thè proportion of thè species present in tj , to thè species 
present in T. Thus q is thè fiorai frequency distribution of thè sampling units: 

q = | q v .. .q h .. .q m , ], where q, = (II.7.1.) 

n 


11.8. Tln* following relations are valid for p t and q ^, respectively: 


= _Pi_ 

A 2P, 


(II.8.1.) 

(II.8.2.) 

(11.8.3.) 


z i = 9/ 

n 2q } 


(II.8.4.) 


11.9. Resemblance functions for binary data use thè parameters of thè 
2^2 contingency table. In case of a comparison of two quadrats thè meanings 
of thè parameters are thè following: 

(a) represents thè number of common species in thè two quadrats in question 
(tj and t k ); 

(b) is thè number of species which occur in quadrat tj, but not in t k ; 

(c) indicates thè number of species which occur in quadrat t k , but not in quad¬ 
rat tj ; 

(d) is thè number of species absent from quadrats tj and t k , but present in 
some other ones. 

In calculating thè correlation between two species these parameters 
should he used, of course, in thè same way for thè pairs of rows of 

11.10. Let Xjj denote any quantitative feature (coverage, freijuency 
etc.) of s, in tj. 
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III. Some important coefficients 


III.l. Numerous indices for presence-absence data use only thè data 
of thè quadrats (or thè species) concerned (a, b, c parameters). Sorensen 
index and Jaccard index are well-known examples. 

III.2 Other formulae take not only thè data of thè two compared 
quadrats into consideration, but those of thè rest, too (they are involved in 
thè parameter d ). In these cases thè number of thè joint presence and that 
of thè joint absence has equal effect on resemblance. The most simple of 
them is thè matching coefficient of Sokal and Michener (1958): 


E 


SM 


a -f- d 
b + c 4- d 


(III.2.1.) 


The product-moment correlation coefficient is also widely used: 

ad — bc 


E, 


\ (a b) (a -f- c) (b j- d) (c -(- d) 


(III.2.2.) 


Owing to its disadvantages (Eades 1965, Baroni-Urbani and Buser 
1976) tliis coefficient is proposed for large samples. The formula of Baroni- 
Urbani and Buser (1976) can he used for relatively small samples as well 
without much bias: 


E 


BB 


)/ ad + a — b — c 

| ad -j- a -}- b -f- c 


(III.2.3.) 


III.3. The absolute value function that has been used for quantitative 
data only seems to be applicable to thè comparison of sampling units: 

E abs ik = 2 *1] — X ik | . (III.3.1.) 

Whittaker (1952) used this formula in its relative form : 



i 


Yx 


Xik | 
x ik 


(III.3.2.) 


The similarity between two quadrats is maximal (E w 0) if they both 
contain thè same species and thè proportion of thè species in them is also equal. 

The so-called “Canberra-metric” is also based on thè absolute differences 
(Lance and Williams 1966): 

V 1 x i j x ik 1 

E LWik = X ‘ i + Xik - • (III.3.3.) 

n 
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The value of E LW ranges fremi 0 to 1, 0 indicates thè maximal similarity. 
111.4. The coefficients mentioned in 111.1. 3. make no distinction 

hetween thè attributes. Williams— Dale Macnaugiiton-Smith (1964) 
pointed out this insufficiency: “some attributes are more important than 
others in determining similarity”. They proposed a weighted coefficient for 
quantitative data: 

E W DM lk - 2’ I ( x ij - Xik) 2 ■ 2 xi I (III.4.1.) 

i L h *i 1’ 

where is thè sum of thè y 2 values calculated hetween s i and thè all other 

h^i 

species. Wlien y 2 test is applied, however, thè sanie difficulties will arise which 
appeared at thè use of formula III.2.2. 


IV. A new dissimilarity index and its properties 

IV. 1. In order to eliminate thè insufficiences of coefficients having been 
used for binary cases until now, I propose a new formula, weighted dissimi¬ 
larity index (WDI), for comparing sampling units defined as 

d )k = - -—-- (IV.1.1.) 

2/>, 

i 


The value of dj k depends on thè distinctive species of quadrats tj and t k . 

The absolute values of thè differences are weighted with thè estimated prob- 

ability of thè presence of thè species concerned, and then these produets are 

added up. The upper limit of this sum i.e. thè numerator of formula IV.1.1. 

is thè quantity which is thè maximum possible dissimilarity between 

i 

any two quadrats included in it is obvious that 2jPi -isobtained asdissimi- 

i 

larity value if thè two compared quadrats neither bave joint absence nor 

joint presence at all. It is reasonable to standardize with thè quantity 2Pii 

i 

so thè value of d /7 . will range from 0 to 1. Silice 



N 

in 


(IV.1.2.) 


thè nominator of formula IV.1.1. indicates thè average participation of a quad- 
rat in thè total valence, i.e. thè average number of species in thè quadrats. 

It is to he noted that d- k is not directly effected by thè number of joint 
presence and joint absence, so thè index IV.1.1. differs essentially from thè 
formulae discussed in III. 
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IV.2. For measuring thè dissimilarity between any pair of specie3 
I propose thè formula defined as 

<l<n = “ (IV.2.1.) 

2 9 ; 

j 

that is analogous to index IV.1.1. The dissimilarity between s h and s i depends 
on thè number of species of those quadrats in wliich only one of thè two 
species is present. Hereby thè quadrats of a smaller number of species will 
have less effect on d hi than thè quadrats of a high number of species. It is 
wortli to explain it with a simple example: a quadrat of 10 species contains 
less information about thè interspecific correlations than a quadrat of 35 
species, so we must consider thè second quadrat with a greater weight. 

The quantity of 2j<lj signifies thè average participation of a species in 

i 

thè total valence, i.e. thè average number of presence of thè species: 

„ Z: N 

29; = 2’^ = -. (IV.2.2.) 

j j n n 

IV.3. The value of d ranges from 0 to 1. Zero indicates minimum disimi- 
larity when all attributes of thè two compared sampling units (or species) 
are thè same. “1” indicates maximum dissimilarity which is obtained when 
thè two quadrats (or species) differ from eacli otlier in all attributes. 

IV. 4. Sometimes it may be more convenient to use thè term similarity. 
Then thè values of thè similarities between quadrats or species are thè following: 

e jk = 1 - d jk (IV.4.1.) 

C/i/ = 1 — d hi (IV.4.2.) 

V. Application of thè weighted 
dissimilarity index to cluster analysis 

V. l. The matrix of thè dissimilarity values denoted by may be thè 
starting point of numerous clustering algorithms. A method that regards thè 
clusters as new individuai seems to he most applicable to this case. This is 
thè “centroid sorting” method; its steps were briefly described by Williams, 
Lambert and Lance (1966): 

a. The most similar pair of quadrats are added together, attribute by 
attribute, to forrn a new synthetic quadrat. 

b. The records of thè pair concerned are deleted, together with all 
coefficients involving either of them. 

c. Coefficients are calculated between thè new quadrat and all other 
remaining quadrats. The process returns to operation a. If all quadrats are 
fused into a single group, then thè analysis is terminated. 
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V.2. In thè course of calculations thè cohimns of thè data matrix are 
reduced hy one step hy step. Elements of thè synthetic quadrat obtained by 
thè fusion of thè most similar pair of quadrats are calculated according to thè 
following formula: 


f(x+ 1 ) _ 

J Ì (j,k) 




ftf + N k 




Nj + N k 


(V.2.1.) 


where fW and f\j? are thè frequencies of species s t in thè fused quadrats tj 
and t k after x fusions. Its value ranges from 0 to 1. Nj and N k are thè numbers 
of quadrats fused in thè columns j and A;, respectively. If Nj = N k = 1 thè 
formula V.2.1. reduces to simpler form, for instance in thè case of thè first 
fusion: 


D _ 

J ik 


tfìP+flV 


(V.2.2.) 


After m — 1 fusions thè analysis is terminated and (m l) 2 coefficients 
are to be calculated. This is thè reason why thè centroid sorting rnethod, 
especially in case of large samples, is a computer oriented one. 

V.3. The same algorithm can be used for coinparing pairs of species, 
but in this case thè rows of thè data matrix are to be fused. The number of 
fusions xvili be n 1, thè number of coefficients (n — l) 2 . 

V.4. Let this algorithm be demonstrated by a hypothetical example. 
Let U (0) consist of 5 columns and 8 rows (5 quadrats and 8 species): 


1 2 3 4 5 


110 11 
0 0 111 
110 0 0 
10 0 10 
110 0 0 
0 0 111 


7 

Olili 

8 

1110 0 


First thè distribution p is to be calculated with thè help of formula 
11.6.1., and, then we come to thè following result: 

p = 0.8, 0.6, 0.4, 0.4, 0.4, 0.6, 0.8, 0.6 

Now we calcitiate matrix 1)^ of thè dissimilarity values according to 
formula IV.1.1. The semiinatrix is given by 



1 2 3 4 5 

1 

0.260 0.869 0.739 0.826 

2 

0.608 0.652 0.565 

3 

0.391 0.304 

4 

0.086 

5 

— 



D<°> = 









128 


PODANI, J. 


After thè inspection of this matrix we finti tliat thè lowest dissiinilarity 
is d x 5 0.086, tlius we fuse quadrats 4 and 5 to obtain a new synthetic quadrat. 

We calculate thè values of by thè application of formula V.2.2. After 

thè first fusion thè starting binary data of thè quadrats in question will repre- 
sent new frequency values. The new data matrix is given by 


1 2 3 (4, 5) 


110 1 
0 0 11 
110 0 
1 0 0 0.5 

110 0 
0 0 11 
Olii 
1110 



We compare thè synthetic quadrat (4, 5) with all other quadrats and 
obtain matrix 



1 

2 

3 

(4, 5) 

1 


0.260 

0.869 

0.782 

2 

3 

(4, 5) 



0.608 

0.608 

0.347 


After thè first fusion we finti that thè quadrat 1 and 2 are thè most 
similar pair, since d 12 = 0.260. We calculate thè new column of thè data 
matrix and obtain matrix U^: 



(1,2) 3 

(4, 5) 

1 

1 

0 

1 

2 

0 

1 

1 

3 

1 

0 

0 

4 

0.5 

0 

0.5 

5 

1 

0 

0 

6 

0 

1 

1 

7 

0.5 

1 

1 

8 

1 

1 

0 


Then we calculate matrix D 



(1, 2) 3 (4, 5) 

(1,2) 

3 

(4, 5) 

0.739 0.652 

0.347 
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where thè lowest dissimilarity value is d 3 / 45 j = 0.347, so we fuse quadrat 
3 and (4, 5). After t li is fusimi thè reduced data matrix is 



(1.2) 

(3, 4, 5) 

1 

1 

0.66 

. 2 

0 

1 

1 3 

1 

0 

4 

0.5 

0.33 

5 

1 

0 

6 

0 

1 

7 

0.5 

1 

8 

1 

0.33 


We compare thè two columns of and ohtain matrix D 



(1.2) (3,4,5) 

(1.2) 

(3, 4, 5) 

0.681 


After thè last fusimi we get vector p: 

U {i) = p = [0.8, 0.6, 0.4, 0.4, 0.4, 0.6, 0.8, 0.6] 

It is worth to summarize thè steps indicating thè fusion dissimilarities: 

fusion 1 4. 5 d = 0.086 

fusion 2 1, 2 d = 0.260 

fusion 3 3, (4, 5) d = 0.347 

fusion 4 (1, 2), (3, 4, 5) d = 0.681 

The results are illustrated hy thè dendrogram in Fig. 1. 



Fig. 1. Dendrogram constructed on thè basis of centroid sorting method froin data of thè 
hypothetical example discussed in V. 4 
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VI. Application of thè WDI to thè study of a rocky grassland community 

VI.l. The cluster analysis based on thè WDI was applied to thè study 
of a rocky grassland community from thè Hungarian Central Range, which 
is considered to be an association named Seslerietum sadlerianae, and has 
been described according to thè metliodology of Braun-Blanquet’s scliool 
(Zólyomi 1936, 1958; Soó 1964). This association is usually found on northern 
slopes on dolomite rocks (with thè exception of Naszàly Hill, where thè rock 
is limestone). 

33 sampling units of 4 X 4 m size from 7 stands of this community 
were examined. The distribution of thè quadrats according to thè stands is 
thè following: 


I. Sashegy, Buda Hills 

quadrats 1. — 5. 

ii. 

Hunyadorom, Buda Hills 

quadrats 6. 9. 

in. 

Tiindérszikla, Buda Hills 

quadrats 10.—14. 

IV. 

Hàrmashatàrhegy, Buda Hills 

quadrats 15. 18. 

V. 

Nagykevély, Pilis Hills 

quadrats 19. 23. 

VI. 

Pilisteto, Pilis Hills 

quadrats 24. — 28. 

VII. 

Naszàly Hill 

quadrats 29.-33. 


The geographic localisation of thè stands is sliown by Fig. 2. 

147 species were found in thè quadrats. Their comparison was also 
performed. Matrix of thè presence-absence data is shown in Table 1. 

VI.2. Computer program WDCL was written in FORTRAN IV for per- 
forming thè cluster analysis of sampling units or species. A listing of it is 
available from thè author on request. 

VI.3. Dendrogram of thè quadrats (Fig. 3) shows that thè sampling 
units are clustered according to thè stands. The only exception is quadrat 12. 

At thè level of d = 0.354 thè quadrats from thè stand of Naszàly Hill 
differ from thè rest of quadrats. This fact supports thè view, that thè stand of 
Naszàly Hill represents a special type of this community. It was originally 
described as a “subassociation” named Seslerietum sadlerianae saxifragetosum 
aizoi (for details see Zólyomi 1958; Soó 1964). This result was also obtained 
by thè use of thè association-analysis worked out by Williams and Lambert 
(Podani 1976). 

At thè next level thè cluster of quadrats 12, 15—18, 24 28 

differ from thè remaining quadrats. This level (d 0.27) is lower than thè 
dissimilarity between thè cluster of quadrats 12., 24. — 28. and thè cluster of 
quadrats 15 18 (d 0.299). Here we can find some other “monotonicity 

failures”,* too (it is to be noted that in thè cluster of species there are only 
two monotonicity failures, see Fig. 4). These failures are caused by thè centroid 

* In thè sense of Lance and Williams 1966. 
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Fig. 2. Geographic localization of thè stands of Seslerietiun sadlerianae included in thè study 



big, 3. Dendrogram indicatine hierarchy for quadrate in Table 1. See text 
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Table 1 co 

ro 

Matrix of thè presence-absence data of species found in thè stands of Seslerietum sadlerianae 


--— 

Stand 

Sashegy 

Hunyadorom 

Tiindérszikla 

Hàrmashatarh. 


Nagykevély 



PilistetO 


Naszàly 

Quadrat number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

1. Sesleria sadleriana 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2. Sanguisorba minor 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

3. Draba lasiocarpa 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4. Alyssum montanum 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

5. A. alyssoides 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

6. Bupleurum falcatum 

1 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7. Jurinea mollis 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8. Festuca pallens 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

9. F. sulcata 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

10. Seseli leucospermum 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11. S. osseum 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

12. S. hippomarathrum 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13. Carex humilis 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

14. C. liparocarpos 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15. Thymus praecox 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

16. T. glabrescens 

II 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

17. Globularia aphyllanthes 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18. Polygonatum odoratimi 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

19. Dianthus regisstephani 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20. D. pontederae 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

0 

21. Helianthemum canum 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22. H. ovatum 

II 

0 

0 

0 

0 

0 

1 

1 

] 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

23. Silene otites 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24. Centaurea sadleriana 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

1 

25. C. micranthos 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26. C. triumfettii 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27. Scabiosa ochroleuca 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

28. S. canescens 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

29. Thesium linophyllon 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

30. Asperula glauca 

1 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

I 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

31. A. cynanchica 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

32. Stachys recta 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 
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34. Broms pannounicus 
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1 


PODANI, j. 



















35. Potentilla arenaria 

36. Odontites lutea 


38. Hieracium auriculoides 0 1 

39. H. bauhini 

40. Teucrium monianum 

41. T. chamaedrys 

42. Fraxinus ornus 

43. Bisctutella laevigata 

44. Minuartia verna 

45. \1. setacea 


48. A. moschatum 

49. A. flavum 

50. A. montanum 

51. Linum tenuifolium 

52. Sempervirum hirtum 

53. Fumana procumbens 

54. Scorzonera austriaca 

55. S. purpurea 

56. S. hispanica 

57. Hippocrepis comosa 

58. Euphorbia seguieriana 0 0 

59. E. polychroma 

60. E. cyparissias 

61. Cytisus hirsutus 

62. C. procumbens 

63. Reseda lutea 

64. Erysimum odoratum 

65. Poa badensis 

66. Veronica spicata 

67. V. austriaca 

68. Aspleniumrutamurar 

69. A. trichomanes 

70. Rumex acetosa 

71. Arabis hirsuta 

72. A. recta 

73. Aster linosyris 
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Ada Botanica Academiae Scientiarum Hungaricae 24, 1978 


(Contd.) 


Stand 


Sashegy 


Ilunyadoroin 


Tiindérszikla 


Harnushatarh. 


Nagykevély 


Pilistetò 

Naszaly 

Quadrat number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

75. Thalictrum minus 
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1 

81. Melica ciliata 

0 
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83. Geranium sanguinami 
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85. Medicago falcata 

0 

0 

1 
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86. M. prostata 
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87. Genista pilosa 
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88. Trifolium campestre 
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91. Lotus borbàsii 
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97. Ranunculus illyricus 
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100. Onosma visianii 

0 
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101. Ethium vulgare 

102. Cynanchum vincetoxi- 

0 

0 
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0 
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1 

1 

0 

0 
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1 

0 

0 

1 
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1 

0 
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103. Salvia pratensis 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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1 

1 

1 

0 

0 
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104. Orobanche vulgaris 
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108. C. fruticosa 

109. Trinia glauca 

110. Arenaria serpyllifolia 

111. Cornus sanguinea 

112. Dictamnus albus 

113. Holosteum umbellatum 

114. Campanula sibirica 

115. C. rotundifolia 

116. C. glomerata 

117. Inula ensifolia 

118. Artemisia vulgaris 

119. Taraxacum officinale 

120. Hypochoeris maculata 
*21. Chrysanthemum 

corymbosum 

122. Carduus collinus 

123. Muscari racemosum 

124. Iris variegata 

125. Quercus pubescens 

126. Koeleria majoriflora 

127. K. cristata 

128. Stipa pennata 

129. S. capillata 

130. Polygala comosa 

131. Myosotis arvensis 

132. Viola arvensis 

133. Phleum phleoides 

134. Brachypodium 
pinnatum 

135. Thlaspi perfoliatum 

136. Primula veris 

137. Arabidopsis thalliana 

138. Ceterach jàvorkaeanum 

139. Spiraea media 

140. Saxifraga paniculata 

141. S. tridactylites 

142. Cystopteris fragilis 

143. Valerianella locusta 

144. Hypericum perforatimi 

145. Luzula campestris 

146. Galium verum 

147. Lithospermum purpu - 
reocoeruleum 
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sorting method itself, wliich does not exclude thè possibility that thè dissiini- 
larity between two clusters is lower than hetween thè quadrats fused in one 
of these clusters. This feature may he useful witli respect to further considera- 
tions (hesides, it does not reduce very much thè clearness of thè dendrogram). 

Now I will not go into fruther details concerning thè dendrogram of thè 
quadrats. The relationships are sliown hy Fig. 3. 

YI.4. Dendrogram of thè species is illustrated in Fig. 4. According to 
this figure thè species can be divided into two main groups (d = 0.553). The 
group consisting of 20 members contains thè most frequent and perhaps thè 
4; most typical” species of thè community. These species are absent from not 
more than 1 — 2 stands. These are thè following (nomenclature of species 
follows Soó and Karpati 1968): 

Carex humilis (13) and Polygonatum odoratimi (18) are ahsent from 
Naszàly Hill. 

Scabiosa ochroleuca (27), Allium flavum (49), Helianthemum oratimi (22) 
and Euphorbia cyparissias (60) are absent from Sashegy. 

Cytisus hirsutus (61) is absent from Nagykevély. 

Asperula glauca (30) is thè only species of this group whicli is absent 
from two stands (Hunyadorom and Nagykevély). 

In thè left part of thè cluster of thè otlier species group (from species 
64 to species 117) we can find numerous frequent species but they are ahsent 
from 2 4 stands at least, and most of them are typical only in 2 3 stands. 

It is worth mentioning thè case of Festuca pallens (8) wliich occurs in all 
quadrats of 5 stands but it is absent from 2 stands so it did not get into thè 
group of typical species. There is only one species in this group, Sempervivum 
hirtum (52), wliich is present in all stands. 

The rare species are clustered in thè rightmost part of thè dendrogram. 
A number of them are either typical in one stand (from species 28 to species 
123) or present in 1 — 2 quadrats (from species 77 to species 120). It is striking 
that thè values of dissimilarities are lower between thè rare species than 
hetween thè frequent ones. These low values, however, may he caused hy some 
accidental effects which influence very much thè dissimilarities between rare 
species. Tlius, we can not draw generai conclusions from these results. The 
situation is rather different in thè case of frequent species although thè dissimi- 
larity values are relatively higher. But it is likely that thè group of 20species 
can also be found in stands that were not included in thè analysis. 
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Fig. 4. Dendrogram indicatinghierarchy'for specie» in Table 1. See text 
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STANDORTSTYPEN DER WALDGESELLSCHAFTEN 

IN UNGARN 

By 

I. SZODFRIDT 

INSTITUT FCH FORSTWISSENSCHAFTEN, KECSKEMÉT 
(Eingegangen ani Marz 25, 1977) 


On thè basis of detailed site surveys made on ahout 1500 places, of thè records 
related to plant associaiinns and of using thè data published in cenological special 
literature, tables have been elaborated that indicate thè relations between llungarian 
forest associations and site types. The definition of thè site type is based on thè work 
of Z. Jaró (1972). 

According to this, thè evaluation of thè site types and their smaller units has 
been undertaken by means of a given scale of values referring to thè following factors: 
climate, hydrology, soil type, textural inake up of soil and its rootable depth. The 
forest associations were discussed according to thè descriptions in thè monography 
of Soó (1964 and 1973), but some of them — those not veritied enough, or occurring 
in fragments, or in small areas were omitted. 


Die natiirlichen Pflanzengesellschaften unter ihnen auch die Wald- 
assoziationen stehen mit den auf ilire Umgebung Einfluss ausiibenden 
òkologischen Faktoren, fiir kiirzere oder làngere Zeit, ini Einklang. Darti in 
muss zwischen ihnen und den an ilirem Standort zur Geltung kommenden 
wichtigsten òkologischen Faktoren notwendigerweise eine enge Verbindung 
zustande kommen. 

Die meisten ungarischen zònologischen Arbeiten sind bestrebt, die Geltungmachung 
des obenerwàhnten Grundprinzips darzustellen. Bei der Beschreibung der einzelnen pflanzen- 
systematischen Einheiten haben die Autoren die Verbindung zwischen den Pflanzenassozia- 
tionen und den grundlegenden kliinatischen Elementen untersucht und ihre Arbeit durch 
inikroklimatische und pedologische Beobachtungen ergiinzt. Diese erstrecken sich aber sehr 
oft nur auf stichprobenartige Wahrnehniungen und knupfen sich in giinstigerem halle an 
ausgewàhlte Mustergebiete an. Zur Darstellung umfassender Zusammenhànge sind jedoch 
mehrere Beobachtungen ndtig. 

Die ungarische Forstwissenschaft verwendet sich auf die grundlegende Arbeit 
botanischer Forscher stiitzend seit nahczu zwei Jahzehnten die Waldtypen und spàtcrhin 
die Standortstypen. Damit erzieltc sic die Produktivitàt der Wiilder auf wissenschaftlicher 
Basis bestimmen und in der Bauinartenwahl, sowie in der sicheren Verwendung verschiedencr 
technologischer Verfahren objektiverweise entscheiden zu konnen. 

Z. JÀRÓ (1972) interpretierte den Begriff des Standortstyps und jene wichtigen und 
grundlegenden òkologischen Faktoren, sowie Kennzeichen, die bei der Bestimmung des Stan¬ 
dortstyps beriicksichtigt werden miissen und die das Vorkommen und die Qualitàt der Wuchs- 
verhiiltnisse der einzelnen Waldtypen entscheidend beeinflussen. Nach der Bestimmung des 
Begriffs des Standortstyps hat er auch das System der ungarischen Standortstypen bearbeitet. 
Diese Systematisierung diente demnach zur Basis, auf deren Grund misere Waldgesellschaften 
und die sie beeinflussenden wichtigsten òkologischen Faktoren zusammen untersucht, und 
ihre Verbindung umfassend gewertet wurde. 
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Zur Bestimmung der Verbindung zwischen Standortstypcn und Waldgesellschaften 
standen etwa anderthalb tausend Standorts-Feldaufnahmen und zur Beurteilung der einzelnen 
Waldgesellschaften ndtig Aufzeichnungen zur Verfiigung. Die Standortsaufnahmen wuiden 
etwa zu fiinfzig Prozent auch durch Laboruntersuchungen ergiinzt. Zur Ubersicht habe 
ich ausser meinen Aufnahmen auch das diesbezugliche Untersuchungsmaterial von J. Adorjàn, 
I. Babos, Z. Jàró, A. Majer, F. Palotàs verwendet; fur ihre gefallige Hilfe spreche ich an 
dieser Stelle meinen besten Dank aus. Ausser obigcn Materialien habe ich die in der ungari- 
schen zònologischen Fachliteratur veròffentlichten und bei der Bewertung der Standorts- 
beziehungen der einzelnen Waldgesellschaften brauchbaren Daten und Feststellungen eben- 
falls benutzt. Wegen Raummangel bili ich jedoch gezwungen die hòchst zahlreichen literari- 
schen Bezugnahmen wegzulassen und die Namen nur jener botanischen und forstwissen- 
schaftlichen Autoren aufzuziihlen, die Arbeiten deren in der Ergànzung des oben ausfiihrlich 
dargelegten Aufnahmematerials einein niitzlichen Anhaltspunkt bedeuteten: J. Adorjàn, 
I. Babos, Z. Baràth, O. Birck, A. Borhidi, I. Csapody, P. Jakucs, Z. Jàró, M. Komlódi, 
I. Kàrpàti, M. Kovàcs, E. Làng, A. Majer, T. Pócs, Frau Pócs, I. Gelencsér, T. Simon, 
R. Soó, A. Szappanos, I. Szodfridt, P. Tallos, Frau Szujkó J. Lacza, B. Tóth. I. Tóth, 
B. ZÓLYOMI, J. ZSOLT. 


1. Wertung der Standortstypen 

Zur richtigen Wertung der òkologischen Beziehungen der Vegetations- 
einheiten mùssen die bei der Zusammenstellung des Standortssystems ange- 
wandten Prinzipien dargelegt werden. Hier soli das Wesentliche zusammen- 
gefasst werden; weitere Informationen sind in der Arbeit von Z. JÀRÓ (1972) 
vorzufinden. 

Zur Wertung des Standorts iniissen ftinf Faktoren berlicksichtigt wer¬ 
den; diese sind der Reihe nacli folgende: 1. Klima, 2. hydrologische Verhàlt- 
nisse, 3. genetischer Bodentyp, 4. Boden-Tiefgriindigkeit, 5. physikalische 
Art des Bodens. Die einzelnen Faktoren werden gesondert, mit Hilfe der unten 
beschriebenen Skala gewertet und der Standortstyp, bzw. seine kleineren 
Einheiten daraus bestimmt. Die Wertungsskala ist wie folgt: 

Klima: 1. Buchenwald-Klima, 2. Eichen-Hainbuchenwald-KIima, 3. Zerrei- 
chen-Traubeneichenwald Klima (in den Tabellen kornmt sie der Kiirze zuliebe 
mit der Bezeichnung (»Eichenwald« vor), 4. Waldsteppenklima. 

Hydrologische Verhiiltnisse : 1. grundwasserfern Standorte, 2. wechselfeuchte 
Standorte (im Weiteren: wechselnd), 3. hangsickerwasserbeeinflusste Stand¬ 
orte, 4. zeitweilig grundwasserbeeinflusste Standorte, 5. stàndig grundwasser- 
beeinflusste Standorte, 6. oberflàchenvernàsste Standorte, 7. zeitweilig iiber- 
flutete Standorte. 

Bodentyp : wir gebrauchen die Bezeichnungen fiir genetische Bodentypen und 
statt ibrer ausfùhrlichen Aufzàldung verweisen wir nur auf die Arbeit von 
Z. JÀRÓ, sowie auf andere pedologisclie Facharbeiten. 

Tiefgrundigkeit : die Tiefgriindigkeit wird auf Gebieten mit Buchenwald- und 
Eichen-Hainbuchenwald-Klimawirkung anders gewertet als auf denen mit 
Eichen- und Waldsteppen-Klimawirkungen. Von den angegebenen cm-Daten 
bezieht sich die erste auf die obenerwàhnten zwei Klirnagebiete, die zweite 
dagegen auf die zuletzt erwàhnten zwei Klirnagebiete. Die Kategorien der 
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Bodentiefgrùndigkeit sind folgende: 1. sehr flachgriindig (0 20, bzw. 0 40 

cm), 2. flachgriindig (20 40, bzw. 40 60 cm), 3. màssig tiefgriindig (40 60, 

bzw. 60 90 cm), 4. tiefgriindig (60 90, bzw. 90 140 cm), 5. sehr tiefgriindig 

(ab 100 bzw. 140 cm). 

Physikalische Bodenart: 1. Scliutt, 2. grober Sand, 3. Sand, 4. Lehm, 5. Tori, 
6. schwcrer Tori. 

Aus den obigen kònnen, wie aus Bausteinen, der Standortstyp und scine 
kleineren Einhciten zusammengestellt werden. Undzwar bekommen wir durch 
Angabe der entsprechenden Kategoricn fiir Klirna, hydrologische Verhàltnisse 
und Boden den Standortstyp (z. B. Buchenwaldklima anzcigender, grund- 
wasserferner Lessivé-Boden). Wenn wir dazu auch noch die Tiefgriindigkeits- 
kategorie angeben, bekommen wir den Untertyp des Standortstypus; wenn 
auch die physikalische Bodenart angegeben wird, gelangen wir zur Varietàt 
des Standortstyps. 

Mit Hilfe der bekanntgegebenen Klassifizierung wurden der Standorts¬ 
typ, der Untertyp, die Standortsvarietàt unserer Aufnahmen, sodann mit 
Hilfe der ari den Aufnahmeflàchen gefundenen Vegetation, die Pflanzengesell- 
schaften bestimmt. Auf diese Wcise standen uns zur Bestimmung des gesuch- 
tcn Zusammenhangs zahlreiche Beobachtungen zur Verfugung. 

Hinsichtlich der einzelnen Waldgesellschaften besassen wir keine gleicli- 
zàhligen Daten. Das ist darauf zuruckzufiihren, dass die Datensammlung 
seinerzeit zum Zweck anderer Forschungsziele durchgefiihrt wurde, und auch 
das ràumliche Vorkommen der einzelnen Waldgesellschaften nicht gleich- 
màssig war. Darurn war keine statistische Wertung mòglich und so kònnen 
wir nur folgendes angeben: ari welchem Standortstypus, Untertypus und 
Varietàt erscheinen die einzelnen Waldgesellschaften. 


2. Wertung der Waldgesellschaften 

Die Waldgesellschaften wurden in einer der ausgezeichneten vegetations- 
systematischen Monographie von R. Soó (1964 1973) entnommenen Reihen- 

folge behandelt. Seit der Veròffentlichung dieser Arbeit sind mehrere Studien 
publiziert worden, ausserdem ist die Interpretation gewisser Assoziationen bei 
einigen Autoreti nicht identisch. Mit diesen Abweichungen haben w ir im Laufe 
unserer Arbeit nicht gerechnet, da wir unser Ziel auch mit der angewandten 
Methode erreichen konnten; die inzwischen erfolgten Ànderungen kònnen mit 
den von Soó beschriebenen Kategorien in Einklang gebracht werden. 

Das Vorkommen gewisser Assoziationen in Ungarn ist beute noch umstrit- 
ten. Auch R. Soó bezeichnet ihr Vorkommen in seiner obenangefiihrten Arbeit 
òfters als problematisch. Andererseits gibt es mehrere solche Gesellschaften, 
deren heirnisches Vorkommen fragmentarisch, oder derart begrenzt ist, dass 
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eine Standortsuntersuchung mit entsprechender Griindigkeit in ihnen nicht 
durchgefuhrt werden konnte. So beanspruchen die unten aufgezàhlten Gesell- 
schaften weitere Untersuchungen, und demnach werden sie in meiner Abhand- 
lung nicht besprochen: Myricario-Epilobietum , Hippophde-Salicetum , Salici 
cinereae-Sphagetum recurvi , Salici pentandrae-Betuletum pubescentis , Abieti- 
Fagetum , Tilio argenteae-Fraxinetum , Scutellarie)-Aceretum, Euphorbio-Querce- 
tum , Genisto pilosae-Orno-Quercetum polycarpae , Poae pannonicae-Quercetum 
petraeae , Amygdaletum nanae pannonicum , Crataego-Cerasetum fruticosae, Pruno 
spinosae-Crataegetum,Chamaebuxo-Pinetum orientialpinum,Lino flavae-Pinetum. 

Die òkologischen Zusammenhànge befinden sich je nacli Pflanzenassozia- 
tionen in den Tabellen, manclimal aber in den Beschreibungen. Wegen Raum- 
mangel konnte eine ausfuhrliche Wertung nicht unternommen werden. 

Salicetum purpureae 

Wir besitzen keine Standortsaufnahmen iiber sie. Die aufgrund des Aspekts 
vorausgesetzten Standortsgegebenheiten sind folgende: Waldsteppenklima, 
zeitweilig iiberflutete hydrologische Kategorie, unreifer Auenboden, physikali- 
sehe Bodenart: Sand (Csepel-Insel und Szigetkòz) und Lehm (Csepel-Insel, 
Baja), sehr fJachgrùndig. I. Toth berichtet (1958) iiber das Vorkommen der 
Gesellschaft auch auf einem Wiesenboden mit Waldsteppenklima und ober- 
flàchenvernàsster hydrologischer Kategorie (entlangVertiefungen oline Abfluss), 
er hat jedoch die physikalische Bodenart und die Tiefgriindigkeit nicht 
angegeben. 


Salicetum triandrae 


Klima 

Hydrologie 

Boden 

Physikalische 

Art 

Tiefgriindigkeit 

Waldsteppe 

oberflàchenvernàsste 

unreifer Auen¬ 
boden 

Lehin 

sehr flachgriin- 
dig 


zeitweilig; iiberflutete 
Standorte 



Salicetum albae-fragilis 


Klima 

Hydrologie 

Boden 

Physikalische 

Art 

Tiefgriindigkeit 

Waldsteppe 
u. Eichen- 

oberflàchenvernàsste 

unreifer Auen¬ 
boden 

Sand 

flachgriindig 

wald 


Lehm 

màssig tiefgriin- 




dig 


standig grundwasser- 
beeinflusste Standorte 


Ton 

màssig tiefgriin- 
dig 
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Dryopteridi-Alnetum 

DieG esellschaft verdankt ihre Existenz vor alleni den hydrologischen Gegeben- 
lieiten. So kònnten die von uns angewandten hydrologischen Kategorien noch 
weiter verfeinert werden (AdorjÀn 1974). Uni jedoch eine Ùbereinstimmung 
in der Arbeit bewahren zu kònnen, wurden die urspriinglich beschriebenen 
Kategorien beibehalten. Es muss aber darauf hingewiesen werden, dass die 
systematische Beobachtung des Wassergangs unserer Erlenwàldcr eine bisher 
ungelòste Aufgabe darstellt. 


Klima 

Ilydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchen-, 

Eichen- 

Haiiiliucheii- 

zeitweilig iiberflutete 
und oberflaehenver- 
nàsste Standorte 

Moorboden 

Sand 

flachgrundig 

Moorwiesenboden 



wald 


Moorliegende 

Lehin 


Eichenwald 


Moorboden 

Ton 

sehr flaehgriin- 
dig 



Moorwiesenboden 




Moorliegende 




Thelypteridi-Alnetum 

Ihre Standorts- und òkologischen Gegebenheiten stimmen hochgradig mit 
denen der obenbehandelten Gesellschaft iiberein. Eigentlich kann zwischen 
ihnen mir aufgrund der in der zònologischen Literatur entsprechend detallier- 
ten floristischen Unterschiede eine Grenzlinie festgestellt werden. 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

zeitweilig iiberflutete 
und 

oberflàchenvernàsste 

Standorte 

Moorboden 

Moorwiesenboden 

Torf 

flachgrundig 

Eichenwald 

Moorboden 


sehr flachgrun¬ 
dig 


1 

Moorwiesenboden 

»Kotu« 


Fraxino pannoiiieae-Allieto ni 

Sie kommt unter àhnlichen Gegebenheiten, wie die obigen zwei Gesellschaften 
vor. Was ihr Verbreitungsareal anbelangt, so tritt sie vor alleni ini Waldsteppen- 
kliina auf, ist aber aucli auf Gebieten mit Eichen-Hainbuchenwaldklima auf- 
zufinden. Ihre hydrologische Kategorie: zeitweilig iiberflutet, der Bodentyp 
nmfasst Moorboden und Moorwiesenboden. Es soli aber bemerkt werden, 
dass sie sich òfters auf Liegende mit alluvialem Ursprung befindet, wo die 
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Ackerkrume aus organischem Material entstandenen Biilten besteht. So ist 
ihre Tiefgriindigkeit im Waldsteppen- und Eichenwaldklima sehr flach, und 
im Eichen-Hainbuchenwaldklima flach. 

Calamagrosti- Salicetum cinereae 

Sie kommt im Rahmen aller Klimatypen vor. Ihre hydrologischen Gegeben- 
lieiten kònnen mit der zeitweilig iiberfluteten Kategorie charakterisiert werden. 
Dcn Bodentyp bilden Moorbòden, Moorwiesenbòden und in einigen Fàllen 
Schwemmbòden. Die physikalische Art ist im Falle der ersten zwei Boden- 
typen von organischem Material gekennzeichnet, in letzterem dagegen vom 
Lchm bestimmt. Sie zeigt eine flache, bzw. sehr flache Tiefgriindigkeit. Wir 
bemerken, dass im Gegenteil zu der vorhergehenden Assoziation, der Wasser- 
stand hier bestàndiger ist. Es besteht aber nodi ein Unterschied, der erwàh- 
renswert ist: die in Form von Stockausschlàgen vorkoinmenden Bàume von 
Frax. pann.-Alnetum befinden sich meistens auf Biilten. Da in den Biilten 
eine bedeutende Masse organischen Materials zu finden ist, zeigt sich hier eine 
àusserst kleine Wasserhebung. So sind ihre Kronen zu Beginn des Sommers, 
nach dem Sinken des Wassers, trockener, und demnach befinden sich die 
Wurzeln fiir eine làngere Zeit in einem liiftigerem Medium als die Wurzeln 
der Busche von Calamagrosti-Salicetum cinereae , die nicht auf Biilten wachsen. 


Carici remotae-Fraxinetum 


Klima 

Hydrologie 

Bodentyp 

Physikalisehe 

Art 

1 Tiefgriindigkeit 

Buchenwald 

oberflàchenvernàsste 

zusammenge- 

schwemmter 

Hangfussboden 

schuttiger 

Lehin 

flachgriindig 


stàndig grundwasser- 
beeinflusste Standorte 

Wiesenboden 

Lehm 

inàssig flach- 
griindig 


zusammenge- 

schwemmter 

Hangfussboden 



Carici brizoidi-Alnetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchen-, 

Eichen- 

Hainbuchen- 

wald 

oberflachenvernàsste 

Standorte 

zusaininen- 

geschwemmter 

Hangfussboden 

Lehm 

flachgriindig 

stàndig grundwasser- 
beeinflusste Standorte 



màssig tiefgriin- 
dig 
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Fraxino pannonicae-Ulnieluni 

Ihr Vorkommen hàngt vor alleni von der Hòhenlage der Ùberschwemmungs- 
gebiete, auf anderen flachlàndischen Gebieten dagegen von der Grundwasser- 
tiefe ab. So tritt sie in sàmtlichen Klimakategorien auf. 


Klima 

Hydrologie 

Bodentyp 

Physikulische 

Art 

Tiefgriindigkeit 

Eichen- 

Hainbuchen- 

wald 

standig grundwasser- 
beeinflusst 

unreifer Auen- 
boden 

Lehm 

massig tiefgriin- 
' dig 


Auenboden mit 
Humushorizont 

Ton 

tiefgriindig 


zweitweilig grundwasser- 
beeinflusst 

Auenboden mit 
Humushorizont 

Lehm 

massig tiefgriin- 
dig 

Eichenwald 

wechselfeuchte Standorte 

Wiesenbraunerde 

Ton 

j massig tiefgriin- 
dig 



alluvialer Wald- 
boden 



standig grundwasser- 
beeinflusste Standorte 

unreifer Auen¬ 
boden 

Lehm 

massig tiefgriin- 
dig 



Auenboden mit 
Humushorizont 

Ton 

tiefgriindig 


zeitweilig grundwasser- 
beeinflusste Standorte 

Auenboden mit 
Humushorizont 

Lehm 

Ton 

massig tiefgriin¬ 
dig 

tiefgriindig 



Wiesenbraunerde 

Lehm 

massig tiefgriin¬ 
dig 



alluvialer Wald- 
boden 

Sand 

tiefgriindig 

Waldsteppe 

standig grundwasser- 
beeinflusste Standorte 

Auenboden mit 
Humushorizont 

Sand 

Lehm 

massig tiefgriin¬ 
dig 

tiefgriindig 



alluvialer Wald- 
bodcn 

Sand 

Lehm 

Ton 

massig tiefgriin¬ 
dig 


zeitweilig grundwasser- 
beeinflusste Standorte 

unreifer Auen¬ 
boden 

Sand 

massig tiefgriin¬ 
dig 





tiefgriindig 



Auenboden mit 
Humushorizont 

Lehm 

Ton 

flachgriindig 

massig tiefgriin¬ 
dig 



alluvialer Wald- 
boden 


tiefgriindig 




massig tiefgriin¬ 
dig 





tiefgriindig; 
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Carici aeutifornii-Aliietum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

oberflàchenvernàsste 

Standorte 

zusammen- 

geschwemmter 

Hangfussboden 

Lehin 

flachgrùndig 



Moorwiesenboden 



Eichen- 

Hainbuchen- 

wald 


zusammen- 

geschwemmter 

Hangfussboden 





Wiesenboden 

Lehm 

Sand 




Moorwiesenboden 

Lehm 



Aegopodio-Allietimi 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchen-, 

Eichen- 

Hainbuchen- 

wald 

hangsickerwasserbeein- 
flusste Standorte 

zusammen- 

geschwemmter 

Itangfuss-Wald- 

boden 

Lehm 

màssig tiefgriin- 
dig 



Wiesenboden 




stàndig grundwasser- 
beeinflusste Standorte 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 




oberflachenvernàsste 

Standorte 

Wiesenboden 

Sand, Lehm 

flachgriindig 
màssig tiefgriin- 
dig 


Moorwiesenboden 

Lehm 



zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 




Aconito-Fagetum 

Der in der Tabelle angegebene Rendzinaboden ist teilweise brauner, und teil- 
weise schwarzer Rendzinaboden; wir verfugen jedoch auch iiber Aufnahmen, 
die auf ròtlichem Rendzina verfertigt wurden. Aus den Standortstypen ist 
zu ersehen, dass diese Assoziation auf mannigfachen Bodentypen und meistens 
auf flacher Ackerkrume vorkommt, falls sie also ilire klimatischen Ansprliche 
erfùllen kann, vertràgt sie auch die ungiinstigeren Gegebenheiten der ùbrigen 
Standortsfaktoren leicht. 
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Klimu 

Hydrologie 

Bodentyp 

PhyHikaliHrhe 

Art 

Tiefgriindigkrit 

Buchenwald 

grundwasserferne Stand¬ 
one 

Rendzina 

Schutt 

flachgrundig 
und miissig 
tiefgriindig 



schuttiger 

Lehm 




Ton 




Ranker 

schuttiger 

Lehm 

miissig tiefgriin¬ 
dig 

tiefgriindig 



stark sauere 
Braunerde 

schuttiger 

Lehm 

miissig tiefgriin- 
dig 



Braunerde 

schuttiger 

Lehm 

miissig tiefgriin¬ 
dig 


wechselfeuchte Stand¬ 
one 7 

Pseudogley- 

Braunerde 

schuttiger 

Lehm 

miissig tiefgriin¬ 
dig 

Laureolae-Fagetum 




Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand- 
1 orte 

Rendzina 

Ton 

miissig tiefgriin¬ 
dig 



Lessivé 

schuttiger 

Lehm, 

Lehm 

miissig tiefgriin- 
dig 

tiefgriindig 



Braunerde 

Lehm 

miissig tiefgriin¬ 
dig 



Kovàrvàny- 

Braunerde 

Sand 

miissig tiefgriin¬ 
dig 

tiefgriindig 



zusainmen- 

geschwemmter 

Hangfuss-Wald- 

boden 

schuttiger 

Lehm 

Lehm 

1 

miissig tiefgriin¬ 
dig 

tiefgriindig 


hangsickerwasserbeein- 
flusste Standorte 

Lessivé 

Lehm 

miissig tiefgriin¬ 
dig 

tiefgriindig 


Dieser Typ kommt von den in der Tabelle angefuhrten Standortstypen ara 
hàufigsten vor und kann deshalb als der wichtigste Vorkommensort der 
Gesellschaft betrachtet werden; die Bodenart ist Lessivé, der Lehm als physi- 
kalische Art aufweist und màssig, bzw. sebr tiefgriindig ist. An den ubrigen 
Standortstypen tritt die Gesellscbaft nur zerstreut auf. 
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Melittio-Fagetum 


(Clima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

1 

grundwasserferne Stand¬ 
one 

Rendzina 

schuttiger 

Lehm 

flachgriindig 
màssig tiefgriin- 
dig 

Ranker 

schuttiger 

Lehm 

flachgriindig 
màssig tiefgriin- 
dig 

stark sauere 
Braunerde 

schuttiger 

Lehin 

Lehm 

tiefgriindig 
màssig tiefgriin- 
dig 

podsolige Braun¬ 
erde 

schuttiger 

Lehm 

Lehm 

màssig tiefgriin- 
dig 

tiefgriindig 

Lessivé 

schuttiger 

Lehm 

Lehm 

màssig tiefgriin- 
dig 

tiefgriindig 
sehr tiefgriindig 

Braunerde 

Lehm 

màssig tiefgriin- 
dig 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

schuttiger 

Lehm 

Lehm 

màssig tiefgriin- 
dig 

und tiefgriin- 
dig 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

schuttiger 
Lehm und 
Ton 

Lehm und 
Ton 

màssig tiefgriin- 
tiefgriindig 

hangsickerwasserbeein- 
flusste Standorte 

Lessivé 

Lehm 

màssig tiefgriin- 
dig 

tiefgrundig 

zusammen- 
geschweminter 
Hangfuss-W ald- 
boden 

schuttiger 

Lehm 

tiefgriindig 


Cyclamini-Fagetum 

Die Gesellschaft tritt hauptsàchlich — àhnlich der vorangehenden Assozia- 
tion — auf Lessivé mit den obenerwàhnten Kennzeichen auf. Daher sind zur 
genaueren Trennung dieser zwei Gesellschaften weitere Untersuchungen nòtig. 
Ihre Standortstypen wurden mit Rucksichtnahme auf obige Bemerkung 
zusammengestellt. 
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Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand¬ 
orte 

stark saliere 
Braunerde 

schuttiger 

Lehm 

flachgriindig 
miissig tiefgriin- 
dig 



podsolige Braun- 
erdc 


miissig tiefgrùn¬ 
dig 

tiefgrùndig 



Lessivé 

Lehm 

miissig tiefgrùn¬ 
dig 

tiefgrùndig 


hangsickerwasserbeein- 
flusste Standorte 

Lessivé 

Lehm 

miissig tiefgrùn¬ 
dig 

tiefgrùndig 
sehr tiefgrùndig 



zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 


tiefgrùndig 


Seslerio-Fagetum 

Tritt im Buchenwaldklima auf grundwasserfernem, dire physikalische Art 
betreffend, auf schuttigem, flachgriindigem Rendzinaboden auf. Vermut- 
licli kann man mit ihr auch auf sehr flachgriindigem und flachgriindigem, 
schuttigem Skeletthodcn rechnen. 


Tilio-Sorbetti in 

Klima: Buchenwald; hydrologischc Kategorie: grundwasserferne Standorte; 
Bodentyp: Skelettboden; physikalische Art: Schutt; Tiefgriindigkeit: sehr 
flachgriindig. 


Phyllitidi-Aceretuni 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchen- und 
Eichen- 
Hainbuchen- 
wald 

grundwasserferne Stand¬ 
orte 

Skelettboden 

Schutt 

sehr flachgrùn- 
dig 

hangsickcrwasserbeein- 
flusste Standorte 

erubaser Boden 

schuttiger 

Lehm 

sehr flachgrùn- 
dig 

flachgrùndig 



Re nd zi na 

schuttiger 

Lehm 

sehr flachgrùn¬ 
dig 

flachgrùndig 
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Parietario-Aceretum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Bucheri-, 

Eichen- 

Hainbuchen- 

wald 

grundwasserferne Stand- 
orte 

Skelettboden 

Schutt 

sehr flachgriin- 
dig 

hangsickerwasserbeein- 
flusste Standone 

zusammen- 

geschwemmter 

Hangfussboden 

schuttiger 

Lehm 

flachgriindig 

Mercuriali-Tilietum 




Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne und 
hangsickerwasserbeein- 
flusste Standone 

! 

Skelettboden 

Schutt 

sehr flachgriin- 
dig 

Eichenwald 

erubaser Boden 
und Rendzina 

schuttiger 

Lehm 

flachgriindig 




Lehm 


Querco petraeae-Carpinetum 




Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
one 

Rendzina 

schuttigler 

Lehm 

Lehm 

massig tiefgriin- 
dig 



Ranker 

flachgriindig 





massig tiefgriin- 
dig 





tiefgriindig 



Humus-Karbonat 


massig tiefgriin- 
dig 



podsolige Braun- 
erde 


massig tiefgriin- 
dig 



Lessivé 

Sand 

Lehm 

massig tiefgriin- 
dig 

sehr tiefgriindig 



Braunerde 

Lehm 

massig tiefgriin- 
dig 





tiefgriindig 



Rostbraunerde 

Sand 

miissig tiefgriin- 





tiefgriindig 



Kovàrvàny 

Braunerde 

Sand 

tiefgriindig 




sehr tiefgriindig 
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Querco robori-Carpinetuni 


Klima 

Hydrologie 

Bodentyp 

l’hysikuliflcke 

Art 

Tiefgrundigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
one 

zusammen- 

geschweminter 

Hangfussboden 

Lehm 

massig tiefgriin- 
dig 



Lessivé 

Sand 

Lehm 

tiefgrundig 




sehr tiefgrundig 



Pseudogley- 

Braunerde 

Lehm 

massig tiefgrun¬ 
dig 



Rostbraunerde 
und Kovàrvàny- 
Braunerde 

Sand 

tiefgrundig 




sehr tiefgrundig 



Wiesenbraunerde 

Sand 

tiefgrundig 





sehr tiefgrundig 



zusammen- 
geschwennnter 
Hangfuss-W ald- 
boden 

Lehm 

massig tiefgrun¬ 
dig 

tiefgrundig 


hangsickerwasserbeein- 
flusste Standone 

zusammen- 

geschwennnter 

Hangfussboden 

Lehm 

massig tiefgrun¬ 
dig 



Lessivé 

Lehm 

tiefgrundig 
sehr tiefgrundig 



zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 



zeitweilig grundwasser- 
beeinflusste Standone 

Lessivé und Rost¬ 
braunerde 

Sand 

tiefgrundig 



Wiesenbraunerde 

Sand 

massig tiefgrun¬ 
dig 





tiefgrundig 



zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

massig tiefgrun¬ 
dig 




tiefgrundig 


stàndig grundwasser- 
beeinflusste Standorte 

Lessivé und Rost¬ 
braunerde 

Sand 

massig tiefgrun¬ 
dig 

tiefgrundig 


Don Standortstypen ist zu entnehmen, dass diese Gesellschaft einen entweder 
tiofgriindigen, oder sehr tiefgriindigen, also einen guten Wasserhaushalt besit- 
zenden Boden beansprucht, oder sie erfordert Wasser in einer den Wurzeln 
zugànglichen Tiefe. 
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Aceri campestri-Quercetuni petraeae-roboris 

Klirna der Gesellschaft: Eichenwald; hydrologische Kategorie: grundwasser- 
ferner Standort; Bodentyp: Braunerde, bzw. Rostbraunerde auf màssig tief- 
griindigem Lehm, bzw. Sand. 


Fraxino pannonicae-Carpinetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
one 

1 

zusammen- 

geschwemmter 

Hangfussboden 

i Lehm 

tiefgriindig 

sehr tiefgriindig 


wechselfeuchte Standone 

Wiesenbraunerde, 
alluvialer Wald- 
boden 

Ton 

màssig tiefgriin- 
dig 

tiefgriindig 


hangsickerwasscrbeein- 
flusste Standorte 

zusammen- 

geschwemmter 

Hangfussboden 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

màssig tiefgriin- 
dig 

tiefgriindig 


zeitweilig grundwasser- 
beeinflusste Standorte 

Wiesenbraunerde 
alluvialer Wald- 
boden 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

màssig tiefgrun- 
dig 

tiefgriindig 


stàndig grundwasser- 
beeinflusste Standorte 

Wiesenbraunerde 
alluvialer Wald- 
boden 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

màssig tiefgrun- 
dig 


Aus der Tabelle ist ersichtlich, dass der Aspekt der Gesellschaft, ausser dem 
Klima, vor allem von den hydrologischen Gegebenheiten bestimmt ist. Die 
Assoziation kann auf mehreren Bodentypen vorkommen, die Tiefe der Acker- 
krume ist von der hydrologischen Kategorie kompensiert. 


Helleboro dumetorum-Carpinetum 

Der Grossteil unserer Aufnahmen wurde auf Lessivé verfertigt. Die Gesell¬ 
schaft kommt auch auf verkriippeltem, durch Erosion verdiinntem Lessivé 
vor. Ebenfalls tritt sie auf einem, durch Erosion nahezu bis zum Grundgestein 
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degradierten, sodami eine sekundàre Humifikation zeigenden und sich in der 
Richtung der Braunerde mit Karbonatriickstànden entwickelnden Boden auf. 
Dies bedeutet jedocli das okologische Extreme ilires Vorkoinmens. 


Klinia 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrundigkrit 

Lichen-Hain- 
buchenwald 

grundwasserferne Stand- 
orte 

Lessivé 

Sand 

Lehm 

miissig tiefgriin- 
dig 





tiefgriindig 





sehr tiefgriindig 



Braunerde 

Lehin 

miissig tiefgrùn- 
dig 





tiefgriindig 



Rostbraunerde 

Sand 

màssig tiefgriin¬ 
dig 





tiefgriindig 


hangsickerwasserbeein- 
flusste Standorte 

zusammen- 

geschwemmter 

Hangfussboden 

Lessivé 

i Lehm 

miissig tiefgriin¬ 
dig 




tiefgriindig 





tiefgriindig 





sehr tiefgriindig 



zusammen- 

geschweinmter 

Hangfuss-Wald- 

boden 


tiefgriindig 




sehr tiefgriindig 

Asperulo taurinae-Carpinef uni 





Klima 

Bodentyp 

Hydrologie 

Physikalische 

Art 

Ticfgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
orte 

Lessivé 

Lehm 

miissig tiefgriin¬ 
dig 

tiefgriindig 
sehr tiefgriindig 


Braunerde 


miissig tiefgriin- 
dig 

tiefgriindig 


Es ist der Miilie wert, diese Gesellschaft mit den Standortstypen von Ilelleboro 
dumetorum-Carpinetum zu vergleichen. Zwischen beiden Gesellschaften besteht 
vielleicht alleili der Unterschied, dass Ilelleboro-dumetorum-Carpinetum eine 
breitere okologische Streuung zeigt. In ihren wesentlichen Ziigen stimmen sie 
dagegen ùberein, so ist ilire Teilung in zwei selbstàndige Gesellschaften — von 
seiten der Okologie fragwiirdig. 
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Vicio oroboidi-Fagetum 


Klima Hydrologie 

Physikalische 

Bodentyp Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand¬ 
one 

Lessivé 

Lehm 

màssig tiefgrùn- 
dig 

tiefgriindig 

sehr tiefgriindig 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

màssig tiefgriin¬ 
dig 

tiefgriindig 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Lehm -f- 
Ton 

màssig tiefgriin¬ 
dig 

tiefgriindig 

hangsickerwasserbeein- 
flusste Standorte 

Lessivé 

Lehm 

màssig tiefgriin¬ 
dig 

tiefgriindig 

sehr tiefgriindig 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

màssig tiefgriin¬ 
dig 

tiefgriindig 


Helleboro odoro-Fagetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand¬ 
orte 

Lessivé 

Lehm 

màssig tiefgriin¬ 
dig 





tiefgriindig 





sehr tiefgriindig 



zusammen- 

geschweinmter 

Hangfuss-Wald- 

boden 

Lehm 

schuttiger 

Lehm 

màssig tiefgriin¬ 
dig 



tiefgriindig 


hangsickerwasserbeein- 
flusste Standorte 

Lessivé 

Lehm 

màssig tiefgriin¬ 
dig 





tiefgriindig 



zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 


sehr tiefgriindig 


Laut unseren Aufnehmen tritt sie unter nahezu gleichen okologischen Umstàn- 
den, wie Vicio oroboidi-Fagetum auf. 
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Castaneo-Quercetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand- 
orte 

stark sauere 
Braunerde 

Lehm 

schuttiger 

Lehm 

flachgriindig 

màssig tiefgrùn- 
dig 



podsolige Braun¬ 
erde 

Lehm 

massig tiefgriin- 
dig 


wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Lehm 

schuttiger 

Lehm 

massig tiefgriin- 
dig 


Fiir die Gesellschaft sind die flachgriindigen, in hòherem Grade saueren Boden- 
typen charakteristisch. Die kiinstlich angebauten Edelkastanienwàlder koin- 
men vor allem auf Lessivé mit Eichen-Hainbuclienwaldklima und in der 
hydrologischen Kategorie der grundwasserfernen Standorte vor, so nehmen 
sie den Platz der einstigen Eichen-Hainbuchenwàlder ein. Die Bemerkung 
von Soó (1964), dass die pannonischen Kastanienwàlder Kulturprodukte 
seien, mag von seiten der òkologie unterstiitzt werden. 


Luzulo- Querco-Carpinetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
orte 

stark sauere 
Braunerde 

Lehm 

massig tiefgriin- 
dig 



podsolige 

Braunerde 


massig tiefgriin- 
dig 

tiefgriindig 


Genisto tinctoriae-Quercelum petraeae 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserferne Stand¬ 
orte 

erubaser Boden 

schuttiger 

Lehm 

flachgriindig 



Ranker 

schuttiger 

Lehm 

massig tiefgriin- 
dig 



stark sauere 
Braunerde 

schuttiger 

flachgriindig 




massig tiefgriin- 
dig 



podsolige 

Braunerde 

Lehm 

schuttiger 

Lehm 

massig tiefgriin- 

dig 


wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Ton 

massig tiefgriin¬ 
dig 










































156 


SZODFRIDT, I. 


Aufgrund der Tabelle kann festgestellt werden, dass die Gesellschaft im allge- 
meinen auf flachgriindigen, eine schuttige Ackerkrume zeigenden Bòden auf- 
tritt, demnach ist auch der Wasserhaushalt des Bodens schwàcher. Damit kann 
erklàrt werden, dass sich im Eichen-Hainbuchenwaldklima anstatt eines 
Eichenwaldes mit Hainbuchen in der zweiten Kronenschicht nur einstufige 
Eichenwàlder entwickeln konnten. 


Genisto nervatae-Pinetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrundigkeit 

Buchenwald 

Eichen-Hain- 

buchenwald 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Ton 

màssig tiefgriin- 
dig 

tiefgriindig 


grundwasserferne Stand¬ 
orte 

Rostbraunerde 

Sand 

màssig tiefgriin- 
dig 


Wàhrend die styriacum-V arietàt der Assoziation (Soó 1973) auf dem Vend- 
Gebiet auftritt und durch Pseudogley-Braunerde, Buchenwaldklima und 
wechselfeuchte Standorte charakterisiert werden kann, kommt die praenori- 
cum-Varietàt des Gebiets zwischen der Landesgrenze und des Bakony-Gebirgs- 
fusses bereits im Eichen-Hainbuchenwaldklima, auf Lessivé vor, wogegen die 
dritte Yarietàt, arrabonicum , am Fusse des Bakony-Gebirgs im Eichen-Hain¬ 
buchenwaldklima, auf sandige physikalische Art zeigender Rostbraunerde zu 
finden ist. All dies verweist darauf, dass es trotz der floristischen Àhnlich- 
keit — der Miihe wert ist, die Neusystematisierung der Gesellschaft vor- 
zunehmen. 


Aulacomnio-Pinetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrundigkeit 

Buchenwald 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Lehin 

màssig tiefgriin- 
dig 



Ton 


In òkologischer Hinsicht ist sie von der vorangehenden Gesellschaft nicht 
scharf zu trennen. Ihre Bestànde auf dem Vend-Gebiet kommen im Buchen¬ 
waldklima, auf wechselfeuchte Standorte zeigenden Pseudogley-Braunerden 
vor, undzwar unter àhnlichen Umstànden wie die styriacum-V arietàt der 
vorhergehenden Gesellschaft. Die òkologische Begriindung der Trennung bei- 
der Gesellschaften soli von weiteren Untersuchungen geklàrt werden. 
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Galio rotundifoliae-Fagetum 


Klima 

llydrologie 

Bodentyp 

Physikalische 1 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand¬ 
orte 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

màssig tiefgriin- 
dig 

tiefgrundig 


wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Ton 

màssig tiefgrun¬ 
dig 

tiefgrundig 


hangsickerwasserbeein- 
flusste Standorte 

1 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 

màssig tiefgriin- 
dig 


Orno-Luzulo-Fagetum 


Wir besitzen nur eine einzige Aufnahme von dieser Gesellschaft. Aufgrund 
derni tritt die Assoziation im Buchenwaldklima, in grundwasserferner-hydro- 
logischer Kategorie, auf schuttartigen inni màssig tiefgriindigen, stark saueren 
Braunerden auf. 

Querco cerri-Liizulo-Fagetum 

Eigene Aufnalimen besitzen wir von dieser Gesellschaft nicht, statt solcher 
miissen wir uns auf die Vorzàhlung von literarischen Angaben beschrenken. 
Nacli diesenerscheint sie laut Zólyomi Jakucs BarÀth Horanszky (1954) 
auf primàr podsoligem (sauere Braunerde?) und flachgriindigem, stark pod- 
solisiertem (nacli unserer heutigen Nomenklatur handelt es sich vermutlich 
um podsolierte Braunerde) Boden, wàhrend T. Simon (1971) sie auf Podsol- 
ranker (das Aquivalent in unserer heute gebràuchlichen genetischen Boden- 
systematik soli nodi erforscht werden) und auf pseudogleyischer, bzw. pod- 
soliger Braunerde, ferner auf zusammengeschwemmtem Hangfussboden vor* 
gefunden hat. Ausser den obenerwàhnten Kategorien sind grundwasserferne, 
bzw. hangsickerwasser-beeinflusste Standorte (ini Falle von zusammenge- 
schwemmtem Hangfussboden) inoglich. Klima: Buchenwaldklima. 


Cotino-Quercetum pubescenti 


Klima 

Il virologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichenwald 

grundwasserferne Stand¬ 

Rendzina 

schuttiger 

màssig tiefgrun¬ 


orte 


Lehm 

dig 



Humus-Karkonat 

Lehm 
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Cotoneastro tomentosi-Amelanchieretum 

In òkologischer Hinsicht ist sie eine wenig untersuchte Gesellschaft. Sie komint 
im Eichen-Hainbuchenwaldklima und iin Eichenwaldklima gleicherweise vor. 
Ihre liydrologische Kategorie: grundwasserferne Standorte. Bodentyp: Skelett- 
boden. Physikalische Art: Schutt, Tiefgrùndigkeit: flachgriindig. 


Fago-Ornetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand¬ 

Rendzina 

schuttiger 

flachgriindig 


orte 


Lehm 



Die Zahl unserer Aufnalimen reiclit zur endgiiltigen òkologischen Wertung 
nicht aus. 


Orno-Quercetuni 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichenwald 

grundwasserferne Stand¬ 

Rendzina 

schuttiger 

Lehm 

1 

flachgriindig 


orte 


flachgriindig 





màssig tiefgriin- 
dig 




Ton 

flachgriindig 





màssig tiefgriin- 
dig 



Humus-Karbonat 

Lehm 

flachgriindig 





màssig tiefgrùn- 
dig 



Braunerde 





màssig tiefgriin- 
dig 



Tschernozem- 

Braunerde 





flachgriindig 
màssig tiefgriin- 
dig 


Quercetum petraeae-cerris 

Aus der Tabelle ist die Mannigfaltigkeit der òkologischen Gegebenheiten zu 
ersehen. Am hàufigsten kommt in der grundwasserfernen Kategorie eine 
màssig tiefgrlindige, oder tiefgriindige Braunerde und Rostbraunerde vor. 
Ebenfalls liàufig tritt die Gesellschaft auf Lessivé auf. Ausser den natiirlichen 
Zerreichenwàldern verfiigen wir iiber zahlreiche kiinstlich geziichteten Zer- 
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reichenwàlder. Diese sind vor allem im Eichen-Hainbuchenwaldklima und 
ehcr auf tieferem Lessivé zu finden. 


Klinia 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrùndigkeit 

Eichenwald 

grundwasserferne Stand¬ 
one 

zusammen- 

geschwemmter 

Ilangfussboden 

Lehm 

flachgriindig 

massig tiefgriin- 
dig 



Rendzina 

Ton 

massig tiefgriin- 
dig 



Ranker 

Lehm 

massig tiefgriin- 
dig 





tiefgriindig 



Lessivé 


massig ticfgriin- 
dig 



Braunerde 


massig tiefgriin- 
dig 





tiefgriindig 



Rostbraunerde 

Sand 

massig tiefgriin- 
dig 





tiefgriindig 



Kovàrvany- 

Braunerde 


massig tiefgriin- 
dig 





tiefgriindig 



Tschernozem- 

Braunerde 

Lehin 

massig tiefgriin¬ 
dig 



Braunerde mit 
Karbonatriick- 
standen 


massig tiefgriin¬ 
dig 




tiefgriindig 


Tilio argenteae-Quercetum petraeae (resp. dalechampii-cerris) 


Klima 

Hydrologie 

Bodentyp 

Physikalische | 
Art 

Tiefgriindigkeit 

Eichenwald 

grundwasserferne Stand- 
orte 

Lessivé 

Lehm 

miissig tiefgriin¬ 
dig 



Braunerde 

Lehm 

miissig tiefgriin¬ 
dig 





tiefgriindig 



Rostbraunerde 

Sand 

miissig tiefgriin¬ 
dig 

tiefgriindig 



Tschernozem- 

Braunerde 

Lehm 

miissig tiefgriin¬ 
dig 
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Deschampsio-Quercetum robori-cerris 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

wechselfeuchte Standorte 

1 

Pseudogley- 

Braunerde 

Ton und 
Lehm 

màssig tiefgriin- 
dig 

tiefgrundig 


Asphodelo-Quercetum robori-cerris 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 

buchenwald 

grundwasserfeme Stand¬ 
one 

Lessivé 

Sand 

màssig tiefgriin- 
dig 

tiefgrundig 

Rostbraunerde 

màssig tiefgrun¬ 
dig 

tiefgrundig 

Kovàrvàny- 

Braunerde 

màssig tiefgriin- 
dig 

tiefgrundig 


Die Gesellschaft kommt in erster Reihe auf Bodentypen vor, die sich aus 
schotterigem Sandgrundgestein herausbildeten. Innerhalb des Eichen-Hain- 
buchenwaldklimas tritt sie im allgemeinen dort auf, wo sich das Terrain 
erhòht und der Grundwasserspiegel von den Wurzeln nicht zu erreichen ist. 
In der Somogyer Gegend dient dieser Umstand zur Trennung von den Eichen- 
Hainbuchenwàldern (Fraxino pann.-Carpinetum ). 


Quercetum robori-cerris 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichenwald 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

schotteriger 
Lehm und 
Ton 

flachgriindig 



màssig tiefgriin- 
dig 


Genisto pilosae-Quercetum petraeae 

Laut unseren Aufnahmen kommt sie auf sauerem Grundgestein entstandenen 
Skelettboden, sowie auf einem entwickelteren, bereits als stark sauere Braun- 
erde klassifizierbaren, aber infolge der Flachgriindigkeit immer zur Austrock- 
nung neigenden Boden vor. 
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Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 
buchenwald 
und Eichen- 
wald 

grundwasserferne Stand- 
orte 

Skelettboden 

Schutt 

sehr flachgrùn- 
dig 


stark sauere 
Braunerde 

schuttiger 

Lehm 

flachgriindig 

Ceraso (iiiahaleb)-Quercetuin pubescenti* 



Klima 

Hydrologic 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 
buchen- und 
Eichenwald 

grundwasserferne Stand¬ 
one 

Rendzina 

schuttiger 

Lehm 

Lehm 

sehr flachgrùn- 
dig 



flachgrùndig 

Festuco pseudodalmatieae-Ceraso (mahaleb)-Quercetuni 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 
buchen- und 
Eichenwald 

grundwasserferne Stand¬ 
one 

Erubas Boden 

schuttiger 

Lehm 

Lehm 

sehr flachgrùn- 
dig 



flachgrùndig 

Waldsteinio- Spiraeetuin mediae 




Klima 

Hydrologie 

Bodentyp 

Phygikalische 

Art 

Tiefgriindigkeit 

Buchenwald 

grundwasserferne Stand- 
orte 

Skelettboden 

Schutt 

sehr flachgrùn¬ 
dig 

Eichen-Hain- 

buchenwald 


Skelettboden 

Schutt 

sehr flachgrùn¬ 
dig 



Erubas Boden 
Rendzina 

schuttiger 

Lehm 

sehr flachgrùn¬ 
dig 


Tilio-Fraxinetum 


Klinta 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Eichen-Hain- 
buchen- und 
Eichenwald 

grundwasserferne Stand¬ 
one 

Skelettboden 

Schutt 

sehr flachgrùn- 
dig 

Rendzina 

schuttiger 

Lehm 

Erubas Boden 


11 
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Die Tabelle weist darauf hin, dass die Standortstypen der vorhin und jetzt 
beliandelten Gesellschaften iibereinstimmen. Daher sind zwecks weiterer Ver- 
feinerung ergànzende Untersuchungen nòtig. 


Aceri tatarico-Quercetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrundigkeit 

Waldsteppe 

grundwasserferne Stand¬ 
orte 

Humus-Karbonat 

Lehm 

sehr flachgriin- 
dig 





flachgriindig 



Rostbraunerde 

Sand 

màssig tiefgriin- 
dig 



Tschernozem- 
Braunerde und 
Braunerde mit 
Karbonat- 
rùckstànden 

Lehm 

flachgriindig 




màssig tiefgrun- 
dig 


Dictanino-Tilietum cordatae 

In zònologisclier mid okologischer Hinsicht eine nur von dem Gòdolloer Hiigel- 
land bekannte Gesellschaft. Aufgrund der von liier stammenden Aufnahmen 
wurde der Standortstyp angegeben. Dementsprechend kommt die Gesellschaft 
ini Hainbuchen Eichenwaldklima, in der hydrologischen Kategorie der 
grundwasserfernen Standorte, auf sandige physikalische Art zeigendem, flach- 
griindigem und màssig tiefgriindigem Lessivé vor. Die Gesellschaft tritt ver- 
mutlich auch in anderen Landesteilen auf Umgebung von Kisbér; ilire weitere 
Untersuchung wàre wiinschenswert. 


Orno- Quercetum 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgrundigkeit 

Eichenwald 

grundwasserferne Stand¬ 
orte 

Rendzina und 
Erubas Boden 

schuttiger 

Lehm 

sehr flachgriin- 
dig 





flachgriindig 



Ranker 


flachgriindig 





màssig tiefgriin- 

di S 



Braunerde 


màssig tiefgrun- 
dig 



Humus-Karbonat 

Lehm 

flachgriindig 
màssig tiefgriin- 
dig 
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Festuco-Quercetum 

Eine in òkologischer Hinsicht nodi weitere Untersuchungen beanspruchende 
Gesellschaft. Aus ihrer bisherigen zònologischen Beschreibung kann man 
darauf schliessen, dass die Entstdiung der Gesellschaft auch durch anthropo- 
gene Faktoren beeinflusst wurde. Andererseits haben sich ihre Bestànde in 
der Sandsteppe des Donau Theiss-Zwischenstromlandes derart verringert, 
dass meiner Meinung nacli vor dein Beginn eingehender òkologischer 
Untersuchungen die zònologische Untersuchung der Verbreitung, des natiirli- 
chen Aspekts der Gesellschaft vorgenommen werden solite. Die Zusammen- 
stellung ihrer Standortstypen kann deshalb nicht als endgultig gelòit betrach- 
tet werden. 


Klima 

Hydrologie 

Bodentyp 

Physikalisehe 
\ ri 

Tiefgriindigkeit 

Waldsteppe 

grundwasserferne Stand- 
orte 

Tschernozein- 
Braunerde und 
Braunerde mit 
Karbonat- 
riickstànden 

Sand 

màssig tiefgriin- 

dig 


zeitweilig gruiidvvasser- 
beeinflusste Standorte 

Rostbraunerde 




standig grundwasser- 
beeinflusste Standorte 

schwach humoser 
Sand 


tiefgriindig 



màssig tiefgrun- 
dig 

Junipero-Populetiiin alhae 




Klima 

Hydrologie 

Bodentyp 

Physikulisehe 

Art 

Tiefgriindigkeit 

Waldsteppe 

grundwasserferne Stand¬ 
orte 

schwach humoser 
Sand 

Sand 

flachgriindig 



Braunerde mit 
Karbonat- 
ruckstànden 




zeitweilig grundwasser- 
beeinflusste Standorte 

schwach humoser 
Sand 




Convallario-Quercetum 

Aus der Tabelle stellt sich heraus, dass die Eichenwaldgesellschaft mit Maig- 
lòckchen mehr oder minder an Grundvvasser gebunden ist. In òkologischer 
Hinsicht stelit sic der Fraxino pannonicae-Ulmetum-Assoziation selir nahe. 
Es wàre dalier zu bedenken, ob es nicht riclitiger wàre, die Convallario-Querce - 
tura-Gescllschaft aus den trocken(*n Eichenwàldern herausgehoben eher in 


11* 
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einen anderen Assoziationsverband vielleicht in eine andere Ordnung ein- 
zureihen. 


Klin 


Ilydrologie 


Waldsteppe grundwasserferne Stand- 
orte 


zeitweilig grundwasser- 
beeinflusste Standorte 


stàndig grundwasser- 
beeinflusste Standorte 


Bodentyp 


Hostbraunerde 


Wiesenboden und 
ihre Kombinatio- 


Auenboden mit 
Humushorizont 


Rostbraunerde 


Kovàrvàny- 

Braunerde 


Wiesboden und 
ihre Kombinatio- 
nen 


Wiesenbraunerde 


Wiesenboden und 
ihre Kombinatio- 
nen 


Wiesenbraunerde 


Physikalische 

Art 


Sand 


sandiger 

Lehm 


Sand 


Sand 


Tiefgriindigkeit 

tiefgriindig 


màssig tiefgriin¬ 
dig 

tiefgriindig 

màssig tiefgrun- 
dig 

tiefgriindig 


màssig tiefgriin¬ 
dig 

màssig tiefgriin¬ 
dig 


màssig tiefgriin¬ 
dig 


tiefgriindig 


i 


Festuco pseudovinae-Quercetuiii 


Klima 

Hydrologie 

Bodentyp 

Physikalische 

Art 

Tiefgriindigkeit 

Waldsteppe 

wechselfeuchte Standorte 

Wiesenbraunerde 

Ton 

màssig tiefgriin¬ 
dig 


zeitweilig grundwasser- 
beeinflusste Standorte 


Lehin 


Die in der Tabelle angefiihrte Wiesenbraunerde kann teilweise den in der 
Tiefe salzigen, teilweise aber den Wiesenbraunerden mit Solonetz zugeord- 
net werden. 


Crataegetuin danubiale 

Der Standortstyp ist folgender: Klima: Waldsteppe; Hydrologie: grundwasser- 
ferne Standorte; Boden: unreifer oder Auenboden mit Humushorizont; physi¬ 
kalische Art: Sand; Tiefgriindigkeit: sehr flachgriindig. 
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Festuco vaginatae-Pinetiim silvestri** 


Klima 

Hydrologir 

Bodentyp 

iMivsikulischr 

Art 

Tiefgrundigkeit 

Eichenwald 

grundwasserferne Stand- 
orte 

schwach humoser 
Sancì 

Sand 

flachgriindig 



Rostbraunerde 

(krùppelhaft) 




Bazza ilio-Abietetum 


Klima 

Bodentyp 

Hydrologie 

PhysikaliMehe 

Art 

Ticfgriindigkeit 

Buchenwald 

wechselfeuchte Standorte 

Pseudogley- 

Braunerde 

Ton 

miissig tiefgriin- 
dig 


hangsickerw asserbeein- 
flusste Standorte 

zusammen- 

geschwemmter 

Hangfuss-Wald- 

boden 

Lehm 



Zusammenfassung 

Aufgrund von ung. un 1500 Standorten verfertigten Aufnahmen und den beigefiigten, 
auf die Pflanzengesellschaften hinweisenden Beinerkmigen, sowie mittels Anwendung der in 
der zònologischen Literatur veròffentlichen Angaben wurden die Tabellen zusammengestellt, 
die die Zusammenhànge zwischen den ungarischen Waldassoziationen und ihren Standortstypen 
darstellen. Bei der Best inimung des Standortstyps wurde die Arbeit von Z. JÀRÓ (1972) als 
Grundlage angenommen. Nach dieser mussten zur Beurteilung des Standortstyps und der 
kleineren Einheiten folgende Faktoren mittels einer angegebenen Wertskala bestimmt werden: 
Klima, llydrologie, Bodentyp, physikalische Art des Bodens und Boden- Tiefgrundigkeit. 
Die Waldgesellschaften wurden den in der Monographie von Soó (1964 1973) beschriebenen 

Assoziationen geiniiss behandelt, einige dagegcn die nicht ausreichend gekliirt worden sind, 
oder die nur fragmentarisch, in kleiner Verbreitung vorkommen wurden weggelassen. 


LITERATUR 

Adohjàn, J. (1974): Mézgàs éger termohelye és faterinése (Standort und Holzproduktion der 
Roterle) Karid. ért. tételei. Kaposvàr. Kézirat (Manuskript) 

JÀRÓ, Z. (1972): Az erdészeti terinohelyértékelés rendszere (System der forstlichen Standorts- 
wertung) in Danszky (szerk.): Erdomuvelés I. Mezdgazd. Kiadó. Bp. 45 254. 

Simon, T. (1971): Vegetàciótanulmanyok a Zempléni hegységben (Vegetationsstudien im 
Zeinpléner Gebirge) I)iss. Doct. Wiss. Bp. (Manuskript). 

Soó, R. (1964 1973): A magyar flora és vegetàció rcndszertani nòvényfòldrajzi kézikonyve 

I —V. (Systematisch-zonologisches Handbuch der ungarischen Flora und Vegetation 
I-V.) Akad. Kiadó. Bp. 

TÓth, I. (1958): Az Alsó-Dunaàrtér erdogazdàlkodàsa, a termohely és az erdotipusok óssze- 
fiiggése (Forstbewirtschaftung des (jberschwemmungsgebiets der unteren Donau- 
strecke, Zusammenhang zwischen dem Standort und den Waldtypen) Erd. Kut. 77 — 160. 

ZÓLYOMI, B. Jakucs, P. Baràth, Z. Horànszky, A. (1954): A biikkhegységi nóvény- 
fòldrajzi térképezés erdogazdasagi vonatkozasu eredményei. II. rész. (Forstwissen- 
schaftliche Ergebnisse der pflanzengeographischen Vegetationskartierung im Biikk- 
Gebirge. Teil 11.) \z Erd6 III. 3 4, 97 105. 


Acla liotanica Academiae Scientiarum Hungaricae 24, 197R 
















Acta Botanica Academiae Scientiarum llungaricae, Tomus 24 ( 1 2), pp. 167- 177 (1978) 


FUNCTIONAL STATES OF THE PHOTOSYNTHETIC 
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The marine green alga Ulva fenestrata has been studied in relation to changes 
of visible and potential photosynthesis, optical density, content of photosynthetic 
pignients and cliloroplast position. During thè summer months thè rate of visible 
photosynthesis was observed to reach its maxi ninni by 10 o’clock in thè morning remain- 
ing Constant up to 12.00—13.00 with graduai postmeridian decrease. The rates of 
potential photosynthesis were also noticed to peak at midday. However, potential 
photosynthesis exhibited occasionai midday depressions. The alga chloroplasts showed 
regular migrations from thè inner celi wall toward thè outer one from 6.00 to 10.00 in 
thè morning and a backward motion from 12.00. The optical density of thè thalli in- 
creased by 10.00 13.00 up to 30 — 40% of thè initial value and dropped gradually to 

reach a Constant value by 21.00. The content of chlorophyll and lutein fractions showed 
a midday increase and a subsequent evening drop. A reverse picture was evident for 
changes of thè violaxanthine content. The carotene content was observed to grow 
during a day. It has been found that thè trends of thè changes of thè main parametres 
of thè Ulva fenestrata photosynthetic apparatus under daylight appeared to he regu- 
lated endogenically, their ranges being considerably determined by light conditions. 


Introduction 

Marine green alga Ulva fenestrata is widely distributed in thè Pacific 
Ocean. Variability of species has been studied both morphologically and aria- 
tomically (Kussakin, 1958; Vinogradova, 1974). The analysis of herbarium 
material and field observations showed significant ecological lability of thè 
alga: it was found to inhabit a wide range of light and temperature environ- 
ments and to withstand considerable water pollution. 

Like other species of thè genus, Ulva fenestrata is characterized by high 
productivity: it Stores large amounts of starch, being thus commercially prom- 
ising (Kalugina-Gutnik, 1975). The algae thalli being large and uniformly 
pigmented, are composed of two layers of cells containing one large chloro- 
plast that inakes them most suitable for physiological and biophysical exper- 
iments. Different species of thè genus are widely used for multiple studies. 

We used Ulva fenestrata for several years to study light adaptation of 
alga photosynthetic apparatus. The alga adaptation to low light intensities 
has been found with increased photosynthetic pigment contents, changed 
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ratio of thè pigments and chlorophyll aggregations along with increased vol- 
umes and concentrations of thylakoid membranes in a strome (Titlyanov 
and Zvalinsky, 1971; Zvalinsky and Semenkova, 1974; Titlyanov et al., 
1974, 1975). The above changes are responsible for higher potential capacities 
of thè alga photosynthesis. 

Throughout a year thè main structural and functional paraineters of 
thè Ulva fenestrata photosynthetic apparatus vary depending on changes of 
external (light and temperature) and internai (generative cycles) conditions 
(Kotlyarova, 1974; Lee, 1974; Kolmakov and Trofimova, 1974; Titlyanov 
et al., 1975). 

The paper presents a study of thè algal assimilation function affected 
by external and internai factors during thè day. 


Materials and methods 

The studies were carried out in August, 1973 and 1974 and in July — October, 1975, 
in Peter thè Great Bay (Japan Sea) at thè Stark biological station of thè Institute of Marine 
Biology. 

The algae were sampled at thè depths of 0.5 — 2 in from well lighted shallow sites and 
supplied to thè laboratory within 15 minutes. Midparts of thè thalli hearing no spores were 
used alone. 

The intensity of photosynthetically active radiation (PhAR) falling on water surface 
during a day was measured with Yanishevsky piranometer and recorded with an EPP-09 
recorder. Temperatures were measured three tiines a day at 8.00, 14.00 and 19.00. 

The daily dynamics of visible and potential photosynthesis was studied on discs of 
10—15 min in diametre cut out of 10 20 thalli thè day before thè experiment. The discs 

were then arranged into averaged samples placed on a plastic net and covered with thè same 
net, thè gaps between being fused afterwards. A cassette thus prepared was provided with 
a pummet and suhmerged to thè site from which thè algae had originally been taken. The 
next day, separate samples were cut off thè cassette from 7.00 to 18.00 at 2 — 3 hours’ interval; 
thè discs were put into special bottles and chambers for subsequent measurements of thè visible 
and potential photosynthesis rates. 

A series of special experiments has been carried out to compare thè photosynthesis 
intensity and grow th rates of whole thalli with those of thè discs. The values obtained in both 
cases showed no differences which permits thè application of thè disc method to all thè further 
experiments. 

The rate of visible photosynthesis was estimated using thè light bottles technique with 
thè Winkler’s titration to measure thè production of oxygen and calculated in mg of 0 2 per 
1 g of fresh weight. Moreover thè rate of photosynthesis could be related to dry weight, thallus 
area and chlorophyll since it was show n that in July and August an Ulva fenestrata thallus 
of 100 mm 2 area weights 608 ± 23 mg and 163 ± 19 mg as dry and fresh respectively, and 
contains 0.560 ± 0.12 mg of chlorophyll. 

Under optimal illumination, temperature and bicarbonate concentration thè potential 
photosynthesis (Voznesensky et al., 1965) was measured in a chamber with neutral light 
filters of different optical density. The illumination was successively decreased from 0.29 to 
0.001 cal X cm" 2 X min -2 w hile thè temperature was maintained at about 21 °C throughout 
thè experiment. 

At three-hour intervals, thè samples cut out from thè cassette were placed into thè 
chambers and kept there in thè above conditions in a sea water flow for 20 minutes. After 
short adaptation to thè new conditions, sea water enriched by bicarbonates was supplied to 
thè chamber up to thè optimal concentrations (5 X IO -3 M). In 20 min. thè water was replaced 
with water enriched by radioactive bicarbonate of thè same concentration. The sea water 
specific activity was 0.5 // Cu Xml -1 . The sainple exposed to light for 20 min was then fixed 
at 110 °C and dried out on foil under press. Radioactivity of thè samples on thè underlying 
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foil was detected with an automatic counter. The rate of photosynthesis was calculated accord¬ 
ine to pre-made tables in ine CO., per hour of exposition to light. 

A spectrophotometer SF-14 was used to ineasure optical density of thè samples durine 
a day at an hour interval. 

Pigments were extracted by an acetone ethanol mixture (3:1) to he transferred to ether. 
Chlorophyll concentrations were deterniined from thè ether spectrophotometrically (Smith 
and Benites, 1955). Chromatographic paper was used to analyze yellow pigments accordine 
to thè method developed hy Sapojnikov (1964). Pigment content durine a day was deterniined 
on averaeed samples prepared as descrihed previously. 

Chloroplast position w r as ohserved under a microscope with 10x40 multiplication of 
a thallus as seen perpendicularly. The distanee hetween chloroplasts and an outer celi wall 
was measured with a microscope adjusting microscrew. 


Results 

The intensity of visible photosynthesis was measured during thè summer 
months both on sunny and cloudy days. Figure 1 gives average values for 
visible photosynthesis and PhAR during August, including those obtained 




hours 

Fig. 1. Ulva fenestrata : Changes in thè intensity of visible photosynthesis and in thè energy 
of photosynthetically active radiation (PhAR) during August 1973. A. Solid line: for PhAR 
of an average August light day; dashed line for thè PhAR on August 4, 1973; 154, 9 cal Xcnr 2 
and 62 cal Xeni -2 are thè values for thè total PhAR on an average light day (in August) and 
on August 4, 1973, respectively. II. Open circles for average values of visible photosynthesis 
measured during three brighi and two dim days. Solid circles for thè visible photosynthesis 

on August 4, 1973 
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for thè dimmest day of thè period. The mean curve of thè changes of thè visihle 
photosynthesis rates during a day is of one-peaked nature. Photosynthesis 
was found to be maximal at 10.00 remained Constant till 12.00—13.00 and 
gradually decreased by thè evening. Maximum illumination on an August 
sunny day was recorded between 12.00—14.00. 

The highest visihle photosynthesis rate in August was 2—3.5 mg 0 2 X g -1 
fresh weightxh -1 , or as expressed in terms of carbon acid approximately 
2.7—4.8 mg C0 2 Xg -1 fresh weightxh -1 . 

On dim days, thè rates of visihle photosynthesis differ little from thè 
average monthly value; it decreases in thè midday when thè illumination 
drops to 5 cal X cm -2 X h -1 . 

The lowest rate of potential photosynthesis was found in thè earliest 
morning hours with thè peak between 10.00 and 11.00 (Fig. 2). Potential 



hours 

Fig. 2. Ulva fenestrata : Intesity of potential photosynthesis and energy of photosynthetically 
active radiation (PhAR) on water surface during August, 1973. A. Solid line for PhAR on 
average August light day; dashed line for PhAR on August 1, 1973. The total PhAR on August 
1, 1973 is 48.9 cal xeni -2 . B. Open circles for average values of potential photosynthesis 
measured during three dim days. Solid circles for potential photosynthesis values on August 

1, 1973 
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photosynthesis was observed to decrease from 15.00 till 16.00. The mean 
monthly values for potential photosynthesis changes during a day showed 
in August an afternoon depression. Figure 2 presents a drop of thè intensity 
of a noon potential photosynthesis. In this case thè afternoon depression was 
observed under weak illumination that may suggest that inhibition of noon 
photosynthesis is unlikely to result from direct influence of thè high light. 

The comparison of thè values of hoth visible and potential photosynthe¬ 
sis expressed in mg C0 2 Xg -1 of fresh weight Xh _l shows that in thè experi- 
mental conditions (closed hottles, motionless water) potential photosynthesis 
actually realizes no more than about 40% of thè capacity determined in thè 
above experiments. 

In further studies of thè Ulva fenestrata functional state during a day, 
we found a considerahle change of thè thallus optical density (Fig. 3). By 
13.00 —14.00 thè optical density showed a 30—40% increase, in thè range of 
thè maximum absorption of light by chlorophyll a (680 nm) and 15—20% 
increase for thè chlorophyll b maximum (654 nm). During afternoon hours 
thè optical density dropped to its Constant value. The measurements suggest 
a noon increase of chlorophyll content, especially that of chlorophyll o. 



Fig. 3. Ulva fenestrata : t hallus optical density and energy of photosynthetically active radia- 
tion (PhAR) on water surface. A. Values on October 17, 1975. Thick solid line is for PhAR; 
thin solid line is for thallus optical density with chlorophyll a maximum absorption (680 nm); 
dashed line for thallus optical density with chlorophyll b maximum absorption. li. Values 
on October 22, 1975; symbols as above 
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On one of thè <lim August days, 1974, main photosynthesis pigments 
of Ulva fenestrata were analyzed quantitatively to be compared with those 
from thè green alga Enteromorpha linza (Fig. 4). Both algae species showed 
a midday chlorophyll increase, this being particularly high in Enteromorpha 
linza. Lutein content had a midday peak and an evening drop, while a violax- 
anthin content gave a reversed picture. A slight growth of carotene propor- 
tion was found in Ulva fenestrata during a day while Enteromorpha linza showed 
a noon increase with a subsequent evening fall. 

The content of thè main photosynthetic pigments was analyzed quan- 
titatively to confimi thè results of spectral measurements (Fig. 4). Carotenoid 
content was also found to vary during a day. Frequent rearrangements occur 



hours 

Fig. 4. Green algae Ulva fenestrata and Enteromorpha linza: pigment content in thalli during 
dim days. A. Ulva fenestrata , August 15, 1974. Solid circles for chlorophyll a; open circles for 
chlorophyll b ; crosses for carotene; solid scpiares for luteine-zeaxanthine; open squares for 
violaxanthine. B. Enteromorpha linza , August 8, 1974; symbols as above 
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in ihr quantily of lutein and violaxanthin. The lutein content increased l>y 
noon dropping in thè evening, while witli violaxanthin we observed a reversed 
situatimi. Carotene show ed an increased content in evenings. The above 
pigment content variations were observed on diin days when thè total PhAR 
was 68 cal X cm _2 X h _1 . 

In accordance with our previous Works, thè change in thè chloroplast 
position in a cidi from side towards a “cup” (Fig. 5) might give a considerable 
increase (by 20—30%) of thè optical density of thè Ulva fenestrata thalli 
(Titlyanov et al., 1975). In some higher plants, thè chloroplast position is 
also known to considerably determine its physiological activity (Bogachova, 
1969). 

From thè observations of chloroplast position during a day, we drew r 
thè conclusion that in summer months thè chloroplast moved just from a side 
position near an inner celi wall to thè side position near an outer celi wall 
and vice versa (Fig. 5). No “cup” position of thè chloroplast was observed. 
Thus we concluded that it was only due to thè variations of thè pigment con¬ 
tent that thè above differences in thè thallus optical density could occur. 
That was confirmed by thè day pigment content of Enteroniorpha linza which 
show ed no changes of thè chloroplast position. 

Chloroplast dynamics in thè cells of Ulva fenestrata is of particular in¬ 
terest (Fig. 6). Chloroplasts start moving from an inner celi wall towards an 
outer one as early as at night; by 10.00—12.00 most chloroplasts reacli thè 
outer celi wall to set for thè backward motion in thè afternoon hours. It should 
be especially noted that by 10.00—12.00, i.e. when a chloroplast is nearest to 
thè environment, thè intensity of both visible and potential photosynthesis 
appeared to be thè highest, thè pigment content being thè largest. 


a 



b 



ocw 

chi 

icw 

icw 

chi 

ocw 


Fig. 5. Plot of possible changes of chloroplast position in Ulva fenestrata cells (thallus cross 
section); pointers showing thè direction of thè chloroplast migration. A. Chloroplast moving 
from an inner celi wall (ICW) from a “side“ position towards an outer celi wall (OCW) in thè 
“cup“ position. li. Chloroplast moving from an inner celi wall (“side“ position) towards an 
outer one without changing its “side“ position 
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Fig. 6. Ulva fenestrata. Chloroplast day migration in cells and energy photosynthetically 
active radiation (PhAR) changing on July, 15, 1975. A. PhAR changes. B. Changing distance 
of chloroplast outer surface from thè outer celi wall in microns. Solid circles for separate 

chloroplast positions in a celi 


Discussion 

Visible photosynthesis rates changing during a day present an integrai 
indication of processes of carbon nutrition and catabolism affected by external 
and internai factors. In Ulva fenestrata , thc curve of thè daily fluctuations of 
visible photosynthesis rates has only one morning maximum at 10.00—11.00. 
Fresh water herbs Elodea and Potamogeton (Gessner, 1938), Ceratophyllum 
(Meyer, 1939) as well as Fucus vesiculosus , a brown alga from thè Barents 
Sea (Tychovskaya, 1960), and mixed macrophyte and phytoplankton popu- 
lations (Copeland and Whitworth, 1963) showed similar changes in visible 
photosynthesis rates. A morning maximum of photosynthesis was also ob- 
served in June for thè fresh water milfoil Myriophyllum spicatum and its epi- 
phyte thè alga Oedogonium (McCracken, 1975). 

Within first morning hours when thè rates of visible photosynthesis are 
intensively growing Ulva fenestrata photosynthetic apparatus undergoes signif- 
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icant structure functional transformations preparing a maximal assimilation 
to thè brightest period of a day. The thallus optical density increases at thè 
chlorophyll absorption maxima. 

Chlorophyll content grows along witb changing ratio of carotenoid pig- 
ments. Thus growing potential capacities of thè alga photosynthesis produce 
favourable conditions for full realization of thè light absorbed. 

The growth of thè potential photosynthesis during morning hours may 
be associated witli thè Kalvin cycle enzyme synthesis induced by light. This 
way of carbonic acid assimilation is basic for thè species of thè genus Ulva 
(Josili and Karekar, 1973; Titlyanov, unpublished materials). Synthesis of 
ribulosodiphosphate carboxylase possibly stimulated by light was reported 
by Zucker (1972) in bis review on cnzymes under light effect. The migration 
of chloroplasts froin an inner to an outer celi wall may play a certain role in 
thè morning increase of thè photosynthetic potential in Ulva fenestrata. 

Experiments made by Zurzycki (1955) and Lechowski (1974) on higher 
plant leaves showed considerable changes of photosynthesis intensities with 
chloroplast migration which, however, produced small changes in thè light 
absorption of leaves. In Ulva fenestrata, thè migration of chloroplasts towards 
an outer celi wall resulted in no changes of light absorption. However, thè 
rates of visible and potential photosynthesis were observed to rise simul- 
taneously. Thus we may suggest a better supply of chloroplasts with car¬ 
bonic acid and biogenic elements when they occur near an outer celi wall. 

The question arises whether these daily structure-functional changes of 
thè alga photosynthesis apparatus are controlled by environmental factors 
or they are determined by internai cycles. Internai rhythms in changing capac¬ 
ities of macroalga photosynthetic apparatus were reported by Ming-Der Shyu 
et al. (1967). They showed experimentally thè internai rhythms to be evolved 
as a response to certain rhythmic variations of light and dark periods in alga 
coltivatimi. 

In Ulva fenestrata, thè regulating role of thè internai rhythms shows itself 
inost distinctly in thè determination of chloroplast migration. They start their 
motion towards an outer celi wall as early as in thè night hours without light, 
to move on slowly even when thè plants are fully darkened. A similar phenom- 
enon was also observed in soy beans (Bogachova, 1969). Bright light cari 
hardly play any regulatory role in thè process since changes in thè pigment 
content of thè Ulva fenestrata thalli occur both on bright and dim days. It is 
also true for thè changes of potential photosynthesis rates whose noon depres- 
sion was observed with thè illumination to be even lower than that saturating 
photosynthesis. 

Frequently observed noon photosynthesis depression is worthy of special 
note w hen different plants are compared as to their changes of photosynthesis 
rates during a day. It is most pronounced in terrestrial plants (Maximov, 
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1958; Malkina et al., 1970; Chernyshov, 1975). This is most probably due to 
thè factors produced by higher insolation which inhibits or stops naturai 
preparation of thè photosynthesic apparatus to maximal photosynthesis at 
thè brighest period of a day. Overheating of leaves as well as insufficient water 
supply are thè main harmful factors at this moment. The water medium ex- 
cludes thè extreme influence of thè above factors on aquatic plants. However, 
inhibited noon photosynthesis is observed in phytoplankton and fresh water 
macrophytes (Kursanov, 1933; Newhous et al., 1967; Finenko et al., 1971); 
this may be caused by direct light effect on enzyme and pigment systems of 
these plants. 

It is most probable that light conditions during a day determine thè rates 
of structure-functional changes rather than their direction. The transition 
of chloroplasts from an inner to an outer celi wall stimulated by light canpresent 
a good example (Glebova and Titlyanov, 1975) of such a case. 

Reaching thè peak, thè Ulva fenestrata visible photosynthesis keeps its 
high rates until 18.00 despite thè noon depressimi and decreased chlorophyll 
content in tlie evening. Thus we may assume that stallie rates of visible photo- 
synthesis may be accounted for by photosynthetic potentials of thè alga which 
exceed their realization. Photosynthesis intensity in thè afternoon falls due 
merely to a decreased illumination which drops by 15.00 down to thè level 
saturating photosynthesis. 
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The Chemical composition of Kichxia platine (L.) Dum. and of K. spuria (L.) 
Dum. was investigated. By inferences thè taxonoinical position of thè gemi» and thè 
stage of development reached during phylogenesis were estahlished. The following con- 
clusions were obtained: 

among thè carbohydrates, in thè Kickxia genus, too, mannitol and myo-ino- 
sitol are present, characteristic for thè family; 

among thè iridoids, also in thè species of Kickxia , antirrhinoside and linario- 
side are found, characteristic of Antirrhineae tribe: 

thè characteristics distinguishing thè Kickxia genus from thè other genera 
of thè tribe ( Linaria , Cymbalaria , etc.) are thè flavonoids: 5,6,7-trimethoxyflavone, and 
thè two trihydroxy-dimethoxy flavonglucoside. 

Accordingly, thè Chemical characteristics testify, in conformity with thè mor- 
phological characteristics, that Kickxia is one of thè most developed genera within 
thè family belonging to thè Antirrhineae tribe. 


The taxonomical division of thè family Scrophulariaceae described by 
Wettstein (1891) on thè basis of thè work of Bentham and Hooker (1876) 
is basically accepted even in »ur own days. Wettstein (1891) divided thè 
family into three subfamilies. He placed thè genus Kickxia Dum.* et thè be- 
ginning of thè subfamily Antirrhinoideae , presumably among thè less-developed 
species. The taxonomical distribution of thè family was not considered by 
Wettstein (1935) himself to have been finally solved with regard thè require- 
ments of a naturai System. This view is confirmed and supported also by 
Thieret (1967), who analysed in detail thè taxonomical distribution of thè 
family. Another kind of distribution of thè family, known and accepted by 
many authors, was carried out by Pennell (1935) with regard to phylogenet- 
ical considerations. He placed thè tribe Antirrhineae (within it thè genus Kick¬ 
xia) at thè end of thè subfamily Scrophularioideae (Pennell, 1964). This 
taxonomical classification — which is based on thè position of thè leaves, thè 
extreme zygomorphy of thè corolla, thè strongly modified laceration of thè 
capsule and on thè complicated structure of thè seeds that have become spe- 

* It should not he confused with thè genus Kickxia Blume = Kibatalia G. Don (Apo- 
cynaceae). 
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cialized — is fully agreed by Thierst and he emphasizes that thè trihe Antir- 
rhineae is one of most developed tribes in thè family. 

The systematization of thè Scrophulariaceae , i.e. thè setting of thè cate- 
gories within thè family on a phylogenetical basis, was carried out first of 
all by using thè morphological characteristics. Today, however, that it is well 
known thè Chemical properties and composition, and thè biochemical processes 
taking place in thè plant constitute a very important group of characters. 
The taxonomical importance of these characters has been recognized by many 
taxonomists. De Candolle (1804) was among thè first who seriously examined 
thè chemical and taxonomical interrelations. He pointed out that thè plants 
which seem to he related on a morphological basis contain similar matters. 

Greshoff (1891) in one of his papers writes: “man in thè future will 
probably find thè formula of chemical compounds in thè plant taxonomical 
textbooks similarly as today we find thè formula of flowers in tlienT’. In 
our century, mainly in thè last decades, on thè basis of thè work of Hegnauer 
(1962—1973), Swain (1963), Heywood (1968), Harborne (1970), Tétényi 
(1970), thè taxonomical importance of chemical characters has become un- 
doubted. lt is very important however to emphasize that taking into considera¬ 
toli chemical properties alone in systematization is a profound mistake (Hey¬ 
wood, 1966). 

According to Hegnauer (1971), thè following requirements should be 
fulfilled when using thè chemical characters: 

(1) The chemical structure of plant matters and their distribution in thè 
flora should be exactly known. 

(2) The biosynthesis of thè materials should be known. 

(3) Further, thè physiological and ecological function of thè materials 
in thè plants should be known. 

The taxonomy of thè family Scrophulariaceae raises several questions. 
The chemical properties seem to be usable for solving these questions. In 
thè course of our work we wanted to clarify thè place of thè genus Kickxia 
by confirming or dcnying, on thè basis of chemical characters, thè results 
obtained by a thorough study of thè morphological characters. 

Since thè chemical characters of thè Kickxia spccies, thè materials 
occuring in them, are hardly known yet, we investigated such compound 
groups whose one or several elements are to be found in most of thè species of 
thè family. Such elements are thè carbohydrates. It is characteristic that thè 
carbohydrates primarily stored in thè form of sugar alcohol and oligosaccha- 
rides and not in thè form of starch (Hegnauer, 1973). Another group of materials 
thè representatives of which were included in our investigations was that of 
iridoids. The third group was that of flavonoids which are wide-spread in thè 
flora. Among them, thè occurence of flavons belonging in thè family Scrophu¬ 
lariaceae is characteristic (Harborne, 1966). 
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In Kickxia datine (L.) Dum. we detected glucose (a), mannitol (l>) and 
myo-inositol (c) among thè carbohydrates (Tóth—Csordas^ Pàpay, 1978). 
The sanie were found in Kickxia spuria (L.) Dum. as well (Tóth — Kokovay 
Bujtàss— Pàpay, 1978). Mannitol, which is formed from fructose (Luckner, 
1969) is wide-spread in thè species of thè family (Hegnauer, 1973), although, 
according to Steiner and Maas (1957), it does not occnr in Antirrhineae , 
among others. This statement is however contradicted hy thè results also of 
Klobb and Fandre (1906), Zemplén (1937) and Kitagawa et al. (1973) who 
isolated mannitol from Linaria species. 
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It was only in thè case of Digitalis purpurea tliat data on thè occurence 
of myo-inositol in thè plants of thè family were reported (Raymakers, 1973). 


According to our investigations, how 
et al., 1978) as against thè statemeli 
which Comes from glucose, (Kindl- 
wide-spread in thè family. 
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ever, it seems prohahle (Tóth —LovÀsz 
ts of Plouvier (1958) that myo-inositol, 
Hoffmann Ostenhof, 1964) is very 
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Five of thè iridoids, could he detected in both Kickxia species; two of 
them were isolated and identified as antirrhinoside(d) and linarioside(e) 
(Tóth—Csordas—Pàpay, 1977; Tóth—Kokovay et al., 1977). 

The iridoids are monoterpene derivatives, built up from acetato units 
t li renigli iridodial and 7-desoxyloganic acid (Inouye—Ueda—Takeda, 
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1970; Inouye, 1971). In thè family Scrophulariaceae , aucubin (f) and catal- 
pol (g) are thè most wide-spread Chemicals (Kooiman, 1970). They were not 
identified in Kickxia species. Antirrhinoside and linarioside, which were identi- 
fied, are of a more complicated Chemical structure. 

By testing thè two Kickxia species for flavonoids, we were able to detect 
several materials four of which could be isolated and after determining their 
structure we found them to be 5,6,7-trimethoxyflavone (h), 5,7-dihydroxy-6,4’- 
dimethoxyflavone-7-0-rhamnoglucoside (pectolinarin) (i), 5,7,3’-trihydroxy- 
6,4’-dimethoxyflavone-7-0-glucoside (j) and 5,7,3’-trihydroxy-6,4’-dimethoxy- 
flavone-7-O-rharnnoglucoside (k). We were thè first to isolate thè ahove materials 



j k 


from thè two plants (Tóth—Csordas—Pàpay—Bujtàs, 1976; Tóth 
Kokoyay—Bujtàs—Pàpay, 1978). The latter two (j, k) hitherto have not 
been detected in any of thè species of thè family. The flavonoids are built 
up from a phenylpropane (C 6 — C 3 ) part and one aromatic ring deriving 
from three acetate units (C 5 ) (Grisebach, 1962; Metzner, 1973). The flavones 
of thè Kickxia species can be derived from apigenin (1) and luteolin (m), and 
considering their structure they belong to flavones of thè most complicated 
structure (Hegnauer, 1973). 



I m 


Let us now draw concusions from our results: in thè two Kickxia species 
we proved thè occurence of glucose, mannitol and myo-inositol. The occurrence 
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of glucose as a result of photosynthesis is not surprising. The occurence of 
mannitol in thè family is generai, although, according to Steiner and Maas 
(1957), it cannot he found in certain tribes — like in Antirrhineae — of thè 
family. Olir results contested this statement. Even though mannitol does not 
occur in all thè species of thè family, it is more wide-spread than it was believed 
up to now. Myo-inositol has so far been isolated from one species of thè family 
(Raymakers, 1973). However, our researches seem to verify that it is signifi- 
cantly w ide-spread in thè family Scrophulciriaceae since it does occur in thè nine 
tribes examined by us out of thè 15 tribes of thè family. Thus, thè occurrence 
of mannitol and myo-inositol is characteristic of thè family in generai, or of 
a significant part of thè family. 

In most of thè species of thè family iridoids can also he found (Kooiman, 
1970). According to Kooiman’s chromatographic examinations, thè occurrence 
of antirrhinoside is characteristic of thè species of Antirrhineae. Antirrhinoside 
isolated by us from thè Kickxia species confirms this statement. Linarioside 
has so far been isolated only from Linaria species (Kitagawa et al. 1972) 
and from Cymbalaria muralis (Kapoor et al., 1974). From thè fact that 
linarioside has been isolated by us also from Kickxia species, further, 
that Kooiman detected an Antirrhinum glycoside “B” — whicli is pro- 
bably identical with linarioside — in several Antirrhineae species, a generai 
occurrence of linarioside in Antirrhineae can he inferred. Thus, thè occur¬ 
rence of antirrhinoside and linarioside is probably a characteristic referring to 
Antirrhineae. From what has been said above it also follows that thè genus 
Kickxia chemotaxonomically belongs to thè tribe Antirrhineae; i.e., thè Chem¬ 
ical properties support thè results obtained on thè basis of morphological 
characteristics. Further, since antirhinoside and linarioside are of a more com- 
plicated character than thè iridoids occuring in other tribes of thè family 
Scrophulariaceae , even thè conclusion can be drawn that thè genus Kickxia 
is one of thè most higlily developed genera of thè family. This conclusion is 
also in agreement with these drawn from thè morphological characters. 

The occurrence of flavons is characteristic of thè family Scrophulariaceae. 
Pectolinarin (i) of thè Kickxia species examined by us was isolated only from 
thè Linaria species within thè family (Merz and Wu, 1936; Zemplén, 1937; 
Smirnova et al., 1974). This fact supports thè view that thè species of Kickxia 
and Linaria are closely related. Aurones occurring in thè Linaria species 
(Valdés, 1970) cannot on thè other hand be found according to our investiga- 
tions either in thè Cymbalaria muralis or in thè Kickxia species. The 5,6,7- 
trimethoxyflavone (h) was isolated only by Pinar (1973) before us, from Kickxia 
lanigera. The further two flavoneglycosides isolated by us (j, k) bave on thè other 
hand not been isolated or detected in a single species of thè family. Accordingly, 
thè last three flavones are probably characteristic only of thè Kickxia genus. 
They can be derived biogenetically from luteolin, but are of more complicated 
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structure than that. Their occurrence in thè Kickxia species proves that these 
species ha ve reached a high stage of development within thè family during thè 
evolution of thè tribe. This inference is in agreement with that drawn by 
Thieret (1967) from morphological charaeters, according to which, thè tribe 
Antirrhineae is one of thè most developed tribes of thè family. It is also clear 
from what has been said above that thè occurrence or lack of thè various 
flavonoids is such a characteristic from which conclusions can be drawn in 
relation to thè genera. 
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Betwcen July 20 and August 18 1976, daily observations were carried out 
on thè number and biomass of thè phytoplankton of Lake Balaton, separately for 
micro- and macroalgae; in addition, organic carbon content, temperature and transpar- 
ence of thè water were measured. Comparable investigations on thè Lake Balaton 
have not been made so far. 

The dynamics of certain deterinined variables reflect thè character of a large, 
extensive and shallow lake. The data presented here draw attention to thè difference 
between thè thirty day variations of macro- and microalgae, and point to thè differences 
between information content of thè mass variables (numbers and biomass). The organic 
carbon content, along with some other data, indicates thè advanced state of eutrophi- 
cation of thè lake. 


Introduction 

Aims of thè study were daily investigation of thè number and biomass 
of thè phytoplankton, taking macro- and microalgae separately into account 
(algae that do not exceed maximal lengtli of 10 firn are considered to he micro¬ 
algae and all above that size macroalgae), daily investigations of thè particulate 
organic carbon content, SECCHi-transparency and temperature of thè water: 
by application of velocity of wind data for investigation period, an attempi 
to reveal functional, or at least correlational — stochastic relationships of 
thè above — mentioned variables. Sampling and on-the-spot measurements 
took place between July 20 and August 18 1976, at Tihany, so data pre¬ 
sented here sliould he considered more or less representative only for thè area. 

Daily variations of thè number and biomass of thè phytoplankton of 
Lake Balaton have not been studied so far but it is becoming of immense 
importance nowadays, mainly in connection with spatial-temporal structures 
of coexistential units. The presence and/or thè population dynamics of certain 
component populations are considered in this sense. Apart from thè theory, 
an obviously practical problem arises in connection with Lake Balaton, 
namely eutrophication. Eutrophication becomes apparent in thè quantitative 
indices without any special interpretatimi. Besides environmental conserva- 
tional points of view, eutrophication effects thè above-mentioned categories 
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as well: to mention thè former example, population dynamics may speed up 
and characteristic changes may he experienced in thè qualitative and quanti¬ 
tative relationships of thè component populations. From this aspect, this 
paper is in dose connection with other quantitative investigations on feeding 
biology. 

For thè sake of completeness, special attention was paid to thè quali¬ 
tative and quantitative treatment of microalgae in thè course of this work, 
since only estimates have so far heen known (Herodek and Tamas 1975). 

Answer was sought to thè question to what extent thè quantity of 
organic carhon in thè study period was determined by planktonic phytomass 
and whether thè effects of weather conditions dominate in thè formation of 
thè organic carbon content of thè water even in thè production period of thè 
producers. The question was thè same in connection with SECCHi-transparency, 
tliat is, can primary product be characterized by SECCHi-transpareney in 
spite of thè peculiar properties of thè Lake Balaton (Entz and Sebestyén 
1942; Felfòldy 1963). It is noted here that Lake Balaton with its average 
depth of 3.0 3.5 m cannot be called a typical lake, in spite of its open water 

surface of some 600 km 2 and tlie vertical stratification is not indicative of its 
classica! form, hut rather of special, “pannon-type” limnological processes 
(Entz and Sebestyén 1942). A furthermore unsettled question was to what 
extent thè temperature of thè water affected thè phytoplankton. 


Material and methods 


Five sampling points were locateci along thè circuinference of a circle around an open- 
water b7oy, situateti 1200 m from thè water front of thè Tihany Institute. The circle was of 
a radius of 40 in and at all points water depths of 310 cm were measured. Water samples were 
taken daily over thirty days, always at thè same time of thè day, between 10 and 12 hours 
a.m. Samples, 1 liter in volume respectively, were taken from depths of 20 cm. 100 cm, 200 cm 
and 300 cm at thè five sampling points. The total of 20 1 of water collected in this way were 
then poured into a black plastic can and taken to thè Institute. On six occasions, due to 
heavy storms, samples were taken from thè same depths and from sampling points of thè 
same distribution, but 400 m, and not 1200 m from thè shore. These days were: July 24 
and 25 August and 5, 6, 12 and 18 (Fig. 1). 

Temperature of thè water was measured at thè buoy at depths of 40 cm, 90 cm and 160 
cm, from which thè mean was calculated (on thè kind advice of Olga Sebestyén). Water 
transparency was measured at thè bouy as well, by thè SECCHi-disc method. 

The 20 of water collected daily was thoroughly stirred up after delivery and thè partic- 
ulate organic carbon content was determined from 100 mi quantities taken from this volume 
(Ostapenya 1965), using Whatman GF/C glass filter-papers for filtering. Results were ex- 
pressed in mg • 1 _1 . 

For thè quantitative and qualitative study of microalgae Razumov’s method, originally 
described for bacterial research, was used (Razumov 1932). This method has been used suc- 
cessfully in Ilungary for bacterioplankton studies (Olàh 1969, 1970, 1971, 1973), but some 
attempts to use this are known to have been made in microalgae studies (Pai Juhàsz-Nagy 
and Lajos Vòros, personal communication). The authors membrane-filtering investigations 
started in 1975, thè conclusions of which were used to alter some aspects of thè originally 
described method. Difficulties arose from thè fact that whereas preservation of thè externa 1 
morphology of thè bacterium celi is not thè primary aim in bacteriological studies, algologica 1 
application requires thè fixation of thè systematically important external morphologica 1 
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characters. The inethod entails drastic water abstraction, which results in a eertain aniouiit 
of deformation of thè celi. In order t« enhance Identification thc originai niethod was altered 
as follows. 

100 mi of thè stirred up water (20 1) was taken to which 11 ini of 36 38% formalin 

was added as preservative and this mixture was filtered; 

thè quantity of water filtered tlirough thè membranefilter (SARTORius-Membranfilter 
GMBH; pore diameter 0.2 /mi) depended on thè day’s reading of SECCiu-transparency. 
coinpensating for thè filling effect of thè stirred up inorganic particles; in thè investi- 
gation series, quantities of 10, 15, 20 and 40 ini were filtered; 

filtering was carried out in weak vacuum, taking 10 15 ininutes for 10 mi of water 

to pass through; 

membrane-filters were dried at room temperature for 24 hours after filtering and 
then subjected to 20 ininutes post-drving at 60 °C hefore staining with carbolerithrosin. 
Macroalgae were examined with reversed planktoninicroscope (UtermÒHL 1958). 

In both study methods, thè number (Number liter -1 ) of each species was estiinated 
from thè size of thè examined area, thè filtered or thè sediinented quantity of water and from 
thè number of algae cells counted. 

Biomass was calculated from thè number and thè volume of thè algae species. Calcula- 
tion of each algae species was done as follows: 

1. In thè case of those algae species, where thè forms could not he likened to geometrie 
bodies, volume — data derived from models were used (Sebestyén 1954: Tamàs 1955). Sudi 
species were: Ceralium hirundinella , Pediastrum boryanum , Pediastrum duplex, Pediastrum 
simplex. 
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2. Volumes of filamentous algae were in all cases calculated on thè basis of cylindrica 
models. 

3. Volumes of other algae species were estimated from thè geometrical body or bodies, 
to which thè forms showed greatest resemblance. The mean sizes determined in thè study were 
used and not thè average of compiled data of thè literature. 

It is noted here that thè volume of each alga species was calculated according to thè 
common particle in Hungary, that is, without thè possibly present mucilaginous sheath. 
Bioinass values were calculated from thè volumes by taking thè specific gravity of thè proto- 
plasm to be 1.00, and finally exprcssing it in mg liter -1 . 

Daily velocity of wind data, registered at thè Meteorological Station of Siófok, were 
supplied by thè National Institute of Meteorology. Daily average velocity of wind values 
were calculated by averaging readings taken at three hour intervals from 12 noon of thè pre- 
vious day to 12 noon of thè given day. 


Results and evaluation I. 

Witli thè two methods outlined above, 67 species, 7 varieties and 2 forms 
helonging to 57 genera were identified in thirty water samples (Table 1). 

Exact numbers of genera, species, varieties and forms appear in Table 2, 
which also shows thè two quantitative algological methods. It must he noted 
however that thè two results are of different taxonomical value. Whilst 
application of Utermòhl’s microscope witli suitable preliminary studies 
yields taxonomically correct results, thè membrane-filtering method, in most 
cases renders identification possible only to thè genus with any reliability. 
In spite of all this, several factors necessitated thè application of thè latter 
method (it is sufficient to bring up one example, thè large quantities of debris 
stirred up in storms). 

In connection with quantitative results, thè following remarks are 
necessary. 


Table 1 


Distribution of identified taxa in six taxonomical phyla 


Genus 

Species 

Varietas 

Forma 

Cyanophyta 

9 

9 

1 

1 


6 Chroococcales 

6 Chroococcales 




3 Hormogonales 

3 Hormogonales 

1 Chroococcales 

1 Chroococcales 

Euglenophyta 

3 

3 

— 

— 


3 Euglenales 

3 Euglenales 



Chrysophyta 

22 

29 

4 

— 


1 Xanthophyceae 

1 Xanthophyceae 




1 Chrysophyceae 

2 Chrysophyceae 




20 Bacillario- 

26 Bacillario- 

4 Bacillario- 



phyceae 

phyceae 

phyceae 


Pyrrophyta 

5 

5 

— 

— 


3 Cryptophyceae 

3 Cryptophyceae 




2 Dinophyceae 

2 Dinophyceae 



Chlorophyta 

17 

21 

2 

1 


15 Chlorococcales 

17 Chlorococcales 

1 Chlorococcales 

1 Chlorococcales 


2 Zygnematales 

4 Zygnematales 

1 Zygnematales 


Caulobacteriales 

1 

1 

— 

— 


1 Caulobacteriales 

1 Caulobacteriales 
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Aphanisomenon flos-aquae f. klebahni , a pernianent component of thè 
summer phytoplankton of Lake Balaton was not found in any of thè water 
samples between July 22 and 29. This phenomenon seems to be related to 
thè fact that thè investigation period was preceded by a stretch of unusually 
warni and dry weather, thè effect of which could stili be felt in thè first 
few days. 

Aphenisomenon issatschenkoi , not long ago described from thè Lake 
Balaton, also occurred in our samples. 

The category “Other Chlorococcales ”, demarcated by 3 //m 6 pm size 

interval, covers one form only, thè phytomass of which is considerable in thè 
less than 10 //ni size group, and thè specific identity of which apart froin order, 
could not be determined. 

Apart from thè previous point, collective categories, sudi as “Other 
Chlorococcales ” and “other species”, contain unidentified species and small 
frowth forms of various algae species (autospores, zoospores etc.). 

Due to thè intensive character of thè study, detailed information was 
obtained with regard to thè temporal behaviour of each algal species, which 
can be fitted into five main types. Characteristic increase is shown in thè 
abundance of Peridinium inconspicum , Anabaena sp. and Aphanisomenonflos- 
aquae f. klebahni ., of similar extent is shown by Staurastrum paradoxum , 
Nitzschia acicularis and Dinobryon divergens , Criptomonas sp. reaches a maxi¬ 
mum in abundance at thè middle of thè study, whilst thè temporal distribution 
of Euglena acus and Euglena caudata , in spite of their oscillating numbers, 
can be considered even. The picture thus obtained although thè taxonomical 
accuracy of this work does not render detailed analysis possible justifies 
thè assumption of a dynamics of algae association and of component popula- 
tions. Figure 2 serving merely as an approach, shows thè complete range of 
phytoplankton, where each line represents a formation, and a characteristic 
size distribution, with its dynamics, is apparent. 

Wherever information was available, thè biological indication of each 
trophic state was entered besides thè taxon in Table 2, where ^ ^ ^ indicates 
strongly eutrophic, ^ ^ stands for definitely eutrophic and ^ means weakly 
eutrophic under Hungarian conditions (Uherkovich in Bartha et al. 1976, 
Pénzes 1976). 

In connection with increasing eutrophication of thè Lake, thè not strictly 
algological ohservation should be noted that Paraphysornonas vestita , under 
certain conditions an indicator of eutrophic water, continually occurred in 
thè samples and which has so far only been described in Lake Balaton (IIajdu 
1975). It is an important fact with respect to thè eutrophication process, since 
thè sampling points were located in an area considered to be less eutrophic 
Herodek and Tamàs 1976). 
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Fig. 2. The spectrurn of numbers and sizes of algae in thè study period 
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Tablc 2 


Quantitative data on thè phytoplankton of Lake lì (datori in thè study period 


Specie* Date of collection 

i 1 • IO 3 • l~ l = individuai» • 1000 per litro 



July 20, 

July 21, 

July 22, 

July 23, 

July 24, 

July 25, 

July 26, 

July 27, 

July 28, 

July 29, 

July 30, 

July 31, 

Augii*! 1, 

August 2, 

August 3, 

August 4, 

August 5, 

August 6, 

August 7, 

August 8. 

August 9, 

August 10, 

August 11, 

i August 12, 

August 13, 

August 14, 

August ir». 

August 16, 

August 17, 


1076 

1076 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 


1 IO 3 1 1 

1 IO 3 l ' 

1 IO 3 1 1 

I 10* 1 1 

1 1() : < • 1 ' 

1 IO 3 1 ' 

1 IO 3 1 1 

I IO 3 1 1 

1 • 10* 1 ' 

1 10* 1 1 

I IO 3 1 1 

1 IO 3 1 1 

1 • IO 3 1 1 

I 10* 1 1 

1 IO 3 1 1 

, I IO 3 1 ' 

1 IO 3 1 1 

1 IO 3 1 1 

1 IO 3 1 1 

1 IO 3 1 ' 

1 IO 3 1 1 

1 IO 3 1 ' 

1 • IO 3 • 1 * 

, 1 IO 3 l ' 

I IO 3 1 * 

I IO 3 1 ' 

1 IO 3 1 ' 

I IO 3 1 ' 

1 IO 3 1 1 

Cyanophy ta 

Chroococcales 






























1. A p h a n o c a p s a s p. 

26.66 

8.88 

8.88 

8.88 

50.63 

17.77 

53.32 

8.88 

17.77 

17.77 

71.09 

302.15 

177.73 


188.46 

47.38 


53.32 

71.09 

53.32 

177.73 

17.77 

17.77 

17.77 

35.54 

17.77 

17.77 

124.41 

17.77 

2. C h r o o c o c c u s ni i n u t u s (Kuetz.) Naeg. 

44.43 

7 1.09 

88.86 

142.18 

142.18 

71.09 

248.83 

26.66 

8.88 

17.77 

231.05 

35.54 

71.09 

47.38 

17.38 

23.69 


88.86 

17.77 

71.09 

35.54 

17.77 


17.77 


17.77 

35.54 

88.86 

35.54 

3. C. minutus (Kuetz.) Naeg. var. obliteratus 












10.13 

13.50 






3.38 




3.38 





3.38 


4. C. limneticus Lemm. 


8.88 


35.54 


17.77 

17.77 

17.77 



35.54 

35.54 





23.69 

53.32 

17.77 

17.77 


17.77 






35.54 

17.77 

5. C h r o o c o c c li s sp. 

88.86 

7 1.09 

79.98 

71.09 


71.09 

17.77 


88.86 


71.09 


35.54 


71.09 


23.69 

35.54 

124.41 

71.09 

17.77 

71.09 

71.09 

71.09 

17.77 

71.09 

231.05 

124.41 

53.32 

6. Coelosphaerium kuetzigianum Naeg. 

13.50 








30.38 

6.75 

6.75 

10.13 

20.25 

10.13 

20.25 

2.53 

6.75 


43.88 

10.13 

13.50 

20.25 

10.13 

6.75 

6.75 

5.06 

18.40 

15.90 

6.75 

7. C. naegelianum Unger. 

8. C o e l o s p h a e r i u ni sp. 

8.88 

17.77 


17.77 

8.88 

17.77 

17.77 

8.88 





20.25 


5.06 

47.38 





8.88 







17.77 


9. Merismopedia glauca (Udir.) Naeg. 


20.25 


70.86 














1 54.00 

1.80 



25.31 

10.13 





0.71 


10. M icrocyst i s a e r u g i n o s a Kuetz. 

8.88 

17.77 

26.66 

62.20 

53.31 

17.77 

17.77 

8.88 

8.88 


53.32 


35.54 



23.69 

23.69 

17.77 

17.77 

17.77 

17.77 




17.77 

17.77 

35.54 

35.54 

17.77 

I lormogonales 






























11. Anabaena sp. 

12. Aphanizomenon flos-aquae (li.) Ralfs f. klebahni 










13.50 




13.50 

10.13 

5.06 

6.75 

20.25 

13.50 

12.25 

3.38 



3.38 


6.75 

6.75 

10.13 

10.13 

Elenkin 











20.25 

45.56 

20.25 

54.00 

45.56 

25.31 

27.00 

27.00 

74.25 

85.05 

70.65 

23.63 

57.38 

74.25 

216.00 

133.31 

113.52 

118.13 

67.50 

13. A. issatschenkoi (Uss.) Prosch.-Lavr. 

13.50 


60.75 












10.13 


6.75 




6.75 





3.38 




14. Lyngbya circumcrela G. S. West 




40.50 


81.00 

13.50 

20.25 

13.50 

6.75 

6.75 

10.13 

33.75 

27.00 

10.13 

5.06 

6.75 

6.75 

6.75 

16.20 

6.75 

3.38 

10.13 

3.38 

13.50 

5.06 


16.88 

6.75 

15. L. limnetica Lemin. 

283.50 

172.13 

60.75 

169.75 

303.75 

243.00 

175.50 

114.75 

168.75 

195.75 

54.00 

101.25 

74.25 

128.25 

101.25 

81.00 

87.75 

101.25 

162.00 

l 1 3.40 

104.78 

67.50 

91.13 

70.88 

118.13 

55.60 

75.00 

104.63 

64.13 

Uuglenophyta 

Euglenales 






























16. Euglena acus Ulir. | 

17. £. caudata Huebner j 

6.55 

68.46 

58.93 

19.64 

40.45 

1.16 

1.07 

13.50 

20.25 

27.00 

50.63 

10.13 

20.25 

30.38 

10.13 

15.19 

20.25 

33.80 

50.63 

16.20 

20.25 

13.50 

8.44 

8.44 

42.19 

58.22 

6.13 

11.80 | 

3.34 

18. E. tripteris (Duj.) Klebs 

0.20 

2.30 

1.80 

0.60 

1.30 

0.10 

0.10 

1.30 

0.30 

1.60 

0.90 

0.70 

0.80 

0.80 

1.40 

0.80 

0.40 

0.10 

0.70 

0.10 

1.40 

0.60 

2.10 

0.40 

0.60 

0.60 

0.80 

0.70 1 

0.40 

19. Euglena sp. 

26.66 

17.77 

26.66 

35.54 

17.77 

53.30 

71.09 

88.86 

364.35 

53.30 

177.73 

248.83 

213.28 

260.61 

71.09 


47.38 

166.60 

124.41 

408.79 

106.64 

71.09 

142.18 

142.18 

159.96 

35.54 

177.77 

266.60 

213.28 

20. Lepocinclis sp. 


























5.06 




21. Phacus sp. 

16.86 

40.50 

40.50 

10.13 


0.20 

0.20 

0.30 

0.70 

0.60 

0.60 

0.50 

0.50 

0.70 

10.13 

5.06 

0.30 

0.10 

0.90 

0.50 

0.80 

0.20 

0.40 

0.20 

4.00 

15.19 

0.20 

3.38 

3.38 

Chrysophyta 

Xanthophyceae 






























22. Planclonema lauterborni Schmidle 


10.13 

10.13 

0.40 

0.20 

20.25 

6.75 

6.75 

0.90 

0.20 

0.30 

0.10 

0.50 

0.30 

0.30 

0.50 

0.30 

1.30 

1.70 

0.50 

0.90 

2.10 

1.60 

1.20 

0.60 

0.40 

0.80 

0.40 

12.13 

Chrysophyceae 






























23. Dinobryon divergens Inib. 

13.50 

239.90 

20.25 

222.75 

182.25 

324.00 

162.00 

155.25 

47.25 

67.50 

229.50 

86.06 

6.75 

13.50 

45.56 


6.75 


6.75 

12.25 

47.25 







3.38 


24. 1). sertularia Ehr. 

162.00 


81.00 

10.13 



94.50 

10.50 

13.50 


40.50 

212.63 

6.75 

47.25 

30.38 

40.50 

47.25 

60.75 

60.75 

16.20 

16.87 

23.63 

151.88 

16.88 

10.13 

106.31 

76.60 

59.06 

61.00 

Bacillariophyceae 






























25. Ampliar a ovalis Kuetz. 

26. Attheya zachariasi .). Bruii 













6.75 

10.13 


20.25 

13.50 

13.50 

16.88 

20.25 

13.50 

13.50 

3.38 

6.75 

13.50 

5.06 

3.38 

10.13 

6.75 

27. Campylodiscus sp. 


70.88 

10.13 

60.75 

81.00 

202.50 

6.75 

43.88 


13.50 

20.25 

5.06 





6.75 









15.19 

53.70 

35.44 

20.25 

28. Cyclotella conila (Ehr.) Kuetz. 











13.5 

7.60 

20.25 

6.75 

15.19 

7.59 

20.25 

13.50 

13.50 

14.80 

13.50 

10.13 

16.88 

6.75 

16.88 

15.19 

33.75 

6.75 

20.25 

29. C. glomerata Bachili. ] 

30. C. quadriiuncta Schroeter ] 

6.75 

91.13 

50.63 

40.50 

40.50 

162.00 

2.025 

74.25 

6.75 

27.00 

33.75 

20.25 

40.50 

20.25 

12.66 

10.13 

33.75 

20.25 

23.63 

20.25 

27.04 

10.13 

15.19 

27.00 

20.25 | 

20.25 

9.20 

20.25 

25.31 

31. (7. o c e 11 a t a Pant. 

533.20 

462.11 

426.56 

719.82 

355.47 

391.01 

497.66 

133.30 

159.% 

124.41 

266.60 

159.96 

106.64 

47.38 


71.09 


408.79 

266.60 

302.15 

319.92 

88.86 

142.18 

88.86 

88.86 | 

53.32 

177.77 

444.33 

231.06 

32. Cyclotella sp. 

35.54 

97.75 

23.79 

23.79 

53.32 

53.32 

35.54 


53.32 


195.50 

35.54 


47.38 

47.38 



17.77 

35.54 

88.86 

53.31 

17.77 

17.77 

17.77 

17.77 


53.32 

177.77 

88.86 

33. Cymatopleura elliptica (Bréb.) W. Smith 


0.60 


0.10 



0.20 

0.10 


0.30 

0.30 


0.10 

0.10 

0.10 

0.10 

0.40 

0.10 

0.10 

0.20 

0.10 




0.10 , 

0.10 

0.20 


0.20 

34. fi. solea (Bréb.) W. Siilith 

35. Cymbella prostrata (Berle.) (deve 



0.20 


0.20 

0.60 


0.10 


0.10 

0.10 


0.10 

0.10 



0.10 








0.10 | 



0.30 


36. Cocconeis sp. 


8.88 



177.73 

53.32 



8.88 











35.54 


17.77 



17.77 




17.77 

37. Dintorno vulgate Bory 





20.25 


6.75 





















0.10 

0.70 

38. Diploneis /niella (Sellimi.) (deve 

50.63 

10.13 



10.13 


20.25 




6.75 


6.75 

20.25 


5.06 

6.75 


20.25 , 


6.75 


3.38 

3.38 

3.38 

10.13 

3.00 

6.75 

6.75 

39. Diploneis sp. 

8.88 

17.77 

8.88 

26.66 

35.54 

53.32 


8.88 










8.88 












40. Epithemia sor ex Kuetz. 


20.25 



81.00 

20.25 

6.75 





5.06 

3.38 

0.10 




13.50 


2.03 




3.38 




1 


41. Eragilaria construens (Ehr.) Grun. 

42. Gyrosigma dislortum (W. Smith) (deve var. parkeri ] 

10.13 


10.13 





1.00 

1.80 

27.00 




40.50 


5.06 



6.75 | 

4.05 




6.75 

131.63 


12.30 

10.13 

27.00 

Harris 






0.20 

0.10 



0.20 

0.30 

0.20 

0.70 

4.80 

1.00 

0.40 

0.40 

0.40 

0.10 

2.80 

0.40 

0.20 

0.30 

0.30 

0.30 

0.90 

0.10 

0.70 

0.70 

43. G. kuetzingii (Grun.) (deve 

44. G. prolongatum (W. Smith) (deve 













6.75 

3.70 

0.10 

1.40 

1.30 

0.70 


3.20 

0.10 


0.10 


0.20 


0.10 



45. G o ni p li o n e m a sp. 





159.96 

53.32 

35.54 

26.66 

8.88 


71.09 






23.63 



17.77 







17.77 

17.77 

17.77 

46. Melosira granulata (Ehr.) Ralfs 

0.10 

0.30 

0.10 

1.30 

1.60 

1.70 

2.30 

1.70 

3.10 

1.50 

2.70 

1.20 

1.00 

2.00 

1.80 

1.60 

1.20 

1.10 

0.60 

0.80 

0.90 

0.50 

0.10 

0.20 

0.10 

0.10 

0.20 

0.30 

0.40 

47. Navicala cryptocephala Kuetz. 

48. N. gracilis Ehr. 


20.25 

70.88 

20.25 

60.75 

20.25 

13.50 

3.38 

3.38 

13.50 

6.75 

5.06 

6.75 


5.06 

10.13 



13.50 

26.33 

6.75 

3.38 

6.75 

3.38 

16.88 


3.38 

3.38 

6.75 

49. N. hangarica Grun. var. capitata (Ehr.) C.levc 



i .... 










| 




13.50 



_ 1 

6.75 


1 .... 1 


1 .... 

, __1 

.. __ 1 



51. Nitzschia acicularis W. Smith** 

74.25 

243.00 

445.50 

293.63 

364.50 

324.00 

303.75 

337.50 

351.00 

472.50 

330.75 

227.81 

472.50 

219.38 

293.63 

111.38 

108.00 

162.00 

101.25 

166.05 

81.18 

1 48.93 

73.31 

77.63 

94.50 

81.00 

55.20 

119.80 

135.00 

52. N. closterium (Ehr.) W. Smith** 

6.75 

30.38 

10.13 

30.38 

40.50 

40.50 

20.25 

13.50 

13.50 

27.00 

20.25 

10.13 

20.25 

13.50 

20.25 


10.13 



6.08 

3.38 

3.38 

1.69 





3.38 

6.75 

53. N. tryblionella Hantzsch var. victoriae Grun.** 

54. N. amphibia Grun.** | 










13.50 

13.50 



















55. N. sigmoidea (Ehr.) W. Smith** } 

67.50 

344.25 

425.25 

293.63 

648.00 

324.00 

330.75 

391.50 

280.13 

945.00 

259.88 

263.25 

587.25 

459.00 

283.50 

415.00 

405.00 

337.75 

273.38 

147.83 

91.20 

40.50 

64.13 

70.88 

87.75 

88.59 

55.20 

113.38 

141.78 

56. N. subrostrata Hust.** 

57. Nitzschia sp.** 

17.77 

124.41 

71.09 

213.28 

213.28 

177.73 

142.18 

444.30 

35.54 

124.41 

177.73 

106.64 

35.54 

118.46 

94.76 

23.69 

23.69 

106.64 

17.77 

17.77 

17.77 


71.09 

35.54 

35.54 

53.32 



17.77 

58. Rhizosolenia eriensis II. L. Smith 



























3.38 

16.90 

10.13 

59. Rhoicosphaenia curvata (Kuetz.) Grun. 

6.75 

10.13 


0.20 







0.10 

5.06 



0.10 












3.38 


0.20 

60. Surirella robusta Ehr. var. splendida (Ehr.) V. Heurck 


0.50 

0.10 



1.40 




1.10 

0.10 


0.30 

0.60 


0.60 

0.10 

0.10 

0.20 

1.30 



0.30 


0.10 

0.20 



61. Synedra acus Kuetz. var. angustissima Grun. 

13.50 

141.75 

101.25 

50.63 

121.50 

182.00 

47.25 

47.25 

33.75 

13.50 

43.88 

27.84 

138.38 

121.50 

106.31 

73.41 

60.75 

54.00 

67.50 

72.90 

23.66 

25.30 

8.44 

25.30 

13.50 

15.19 

12.30 

13.50 

155.25 

62. Tabellaria sp. 

40.50 





























Pyrrophyta 

Cryptophyceae 




























35.54 


63. C h r o o ni o n a s sp. 

64. Cryptomonas caudata Schiller j 

17.77 



71.09 


35.54 

35.54 




35.54 

35.54 









17.77 






17.77 

16.88 

18.55 

65. C. erosa Ehr. > 

66. C. ovata Ehr. 

23.63 

50.63 

30.38 


20.25 

101.00 

13.50 

67.75 

97.88 

60.75 

131.63 

137.81 

202.50 

131.63 

167.00 

136.69 

138.38 

30.38 

101.25 

74.93 

47.32 

33.75 

27.00 

18.56 

13.50 

58.22 

15.34 



67. R h o d o m o n a s sp. 3 /um 6 firn 

231.06 

479.92 

426.55 

542.07 

746.47 

728.70 

639.84 

497.62 

1146.38 

1084.17 

1564.06 

1137.50 

213.27 

1469.14 

734.44 

142.14 

521.22 

1240.81 

853.12 

2346.10 

2435.47 

1066.40 

2328.33 

693.16 

853.13 

1297.46 

515.42 

1297.45 

977.54 

68. R h o d o ni o n a s sp. 6 pm 10 //in 


ia 

106.64 

35.54 


17.77 

17.77 




195.54 



23.69 




53.32 


195.50 

71.09 

71.09 

17.77 

35.54 

17.77 

53.32 

35.54 

17.77 

17.77 

Dynophyceae 





























7.20 

69. Ceratium hirundinella ((). E. Mueller) Schrank 

4.70 

5.80 

5.30 

5.90 

2.00 

7.40 

14.90 

14.30 

7.60 

10.00 

19.00 

8.40 

7.00 

22.00 

13.00 

10.40 

6.80 

3.40 

3.50 

11.50 

11.90 

5.00 

10.20 

5.30 

12.80 

10.40 

6.40 

16.30 

70. Peridinium inconspicmini Lemm. 


10.13 

60.75 

20.25 


20.25 

20.25 

13.50 

20.25 

20.25 

33.75 

15.19 

70.88 

23.63 

30.38 

20.25 

30.38 | 

6.75 

47.25 

34.43 

28.73 

38.81 

67.50 

18.56 

52.32 

88.60 

35.30 

40.50 

54.00 

Chlorophyta 

Chlorococcales 






























71. Actinastrum hantzschii Lagerh.** 








0.30 | 


20.25 

6.75 


5.06 

0.10 

2.53 








3.38 

3.38 




3.38 

23.63 

72. Ankistrodesmus angustiis Bern** 

6.75 


10.13 






40.50 

47.25 

20.25 

25.31 

20.25 

13.50 

20.25 

15.19 

13.50 

13.50 

20.25 

8.10 

6.75 

3.38 

5.06 

3.38 

3.38 


10.74 

10.13 

73. C h o d a t e 11 a baiatonica Scherf. 

97.75 

60.26 

88.86 

97.75 

142.18 

71.09 

106.64 

8.88 

8.88 

35.54 

71.09 

88.86 

71.09 

23.69 



23.62 

88.86 

71.09 

71.09 

71.09 

35.54 

17.77 

53.32 

35.54 

35.54 

35.54 

53.32 

71.09 

74. Coelastrum reticulatum (Dang.) Semi 














27.00 



40.50 

6.75 


12.15 

18.56 


13.50 

3.38 

13.50 

10.13 


10.13 

37.13 

75. Crucigenia tetrapedia (Kirchn.) W. et G. S. West 







13.50 

118.25 

33.75 

27.00 

81.00 

40.50 

27.00 


5.06 

10.13 

20.25 

13.50 

54.00 

28.35 

30.38 

16.88 

3.38 

6.75 

33.75 

6.05 

15.34 

30.38 

12.12 

76. Crucigenis sp. 

35.54 

17.77 

23.62 

35.54 

35.54 

17.77 1 

35.54 | 

8.88 

8.88 


53.32 

17.77 

35.54 

23.69 

23.69 

23.69 

23.69 

17.77 

17.77 

17.77 

17.77 

17.77 



17.77 

35.54 

17.77 

17.77 

17.77 

77. Dictyosphaerium pulchellum Wood* 

6.75 



























3.38 


78. Elakatothrix lacustris Korscli. 

79. Micractinium pusillum Fresen. 

10.13 

20.25 

30.38 

20.25 

40.50 

40.50 


0.20 

0.60 

10.13 

6.75 


6.75 






6.75 

2.03 

6.75 

3.38 

3.38 


6.75 



53.32 


80. Oocystis sp. 3 firn - 6 pm 

88.86 

17.77 

44.43 

53.32 

17.77 

35.54 

35.54 


8.88 


53.32 

17.77 

35.54 





17.77 


88.86 

53.32 

53.32 

71.09 

17.77 

35.54 

71.09 

35.54 

231.05 

81. Oocystis sp. 6 pm 10 pm 

23.79 

23.79 

23.79 

23.79 

17.77 


17.77 

8.88 | 





35.54 

71.09 

43.84 



159.95 

17.77 


142.18 

71.09 

35.54 

35.54 

35.54 

88.86 

142.78 

226.64 

71.09 

82. Oocystis sp. 10 pm — 

20.25 


10.13 




13.50 

47.25 

10.13 

40.50 

11.81 

13.92 l 

72.50 

26.69 

45.50 

39.24 

20.25 

40.50 

45.56 

24.30 

40.50 

37.97 

39.66 

50.63 

21.09 

39.25 

26.08 

57.38 

32.06 

83. Pediastrum boryanum (Turp.) Menegh. 



0.10 



0.20 

0.50 

0.80 

0.50 

0.50 

0.20 

0.50 


0.30 

0.20 


0.10 

0.10 

0.30 

0.20 


0.30 

0.50 

0.10 

0.20 

0.10 

0.10 


0.10 

84. P. duplex Meyen*** 









0.10 

0.10 

0.10 

0.20 

0.70 

0.20 

0.50 

0.60 

0.10 

0.40 

0.60 

0.40 

0.30 

0.30 

0.20 

0.10 



0.10 

0.10 

0.10 

85. P. simplex (Meyen) Lemm. 




0.10 



0.10 

0.20 

0.80 

0.20 

0.55 

0.90 1 

0.40 

0.30 

0.65 

0.50 

0.10 

0.20 

0.30 

0.20 

0.20 

0.10 

0.10 

0.10 


0.10 

0.20 


0.20 

86. S e l e n a s t r u ni sp. 

87. Scenedesmus acuminatus (Lagerh.) Chop.** 

248.82 

26.66 

17.77 

8.88 


142.18 


17.77 | 

17.77 

35.54 

35.54 

5.06 



47.38 

47.38 


53.31 


142.18 

35.54 





35.54 

88.86 

142.18 

53.32 

88. S. arcuatus Meyen f. uherkovichi 


















6.75 










0.20 

0.10 

89. S. balatonicus llortob. 



0.10 

0.10 

0.70 

0.25 

0.10 

0.60 

0.25 

0.40 

0.50 

0.15 

0.60 

0.40 

0.10 

0.30 

0.75 

0.50 

0.40 

0.30 

0.40 

0.80 

0.45 

0.10 

0.20 

0.30 


90. S. ecornis (Ralfs.) Chop.* 


















6.75 

10.13 

4.05 








13.50 

23.63 

91. S. quadricauda (Turd.) Bréb. 


20.25 | 

20.25 

20.25 

60.75 

141.80 

10.13 

47.25 | 

33.75 

23.63 

6.75 

15.19 1 


13.50 

15.19 

25.31 

6.75 

20.25 

6.75 

10.13 

5.06 

13.50 

16.88 

33.75 

6.75 

15.19 

6.75 

92. S c e n e d e s ni a s sp. 1.5 pm 6 pm 

222.16 

97.75 , 

44.43 

79.98 

71.09 

106.64 

88.86 

88.86 

44.43 

34.43 

106.63 



23.69 


47.38 

23.69 

88.86 

71.09 

177.77 

177.77 

17.77 

71.09 

35.54 

35.54 

106.84 

88.86 

248.83 

53.32 

93. Scenedesmus sp. 3 pm —6 pm 

168.84 

168.84 

71.09 

142.18 


71.09 

71.09 

71.09 

26.65 


106.63 

71.09 | 

71.09 

118.46 

47.38 

47.38 


106.64 


142.18 

195.50 

71.09 

106.64 

71.09 

8.86 

53.32 

35.54 

159.96 

195.50 

94. Scenedesmus sp. 6 firn —10 pm 




17.77 

35.54 

35.54 

17.77 




35.54 


35.54 

47.38 



23.69 




35.54 


17.77 


17.77 


17.77 

35.54 


95. Schroederia robusta Kors. 








20.25 

13.50 

13.50 

43.88 

18.19 

3.38 


37.97 

5.06 

27.00 

20.25 

13.50 

12.15 

6.75 

8.44 

3.38 

25.31 

3.38 

15.20 

18.40 

3.38 

16.90 

96. T etraedron sp. 3 pi n - 6 pm 

133.30 

275.79 

142.18 

17.77 

88.86 

106.64 

17.77 

17.77 



106.64 

88.86 

35.54 

23.69 

23.62 

71.09 

47.38 

124.41 

177.73 

266.60 

17.77 

35.54 

35.54 

17.77 

88.86 

35.54 

71.09 

231.05 

88.86 

97. T etraedron sp. 6 pi n—10 pm 



8.88 

8.88 

35.54 

35.54 

17.77 











35.54 

17.77 







17.77 


35.54 

16.80 

98. Tetrastrum glabrum Lemm. 

6.75 





40.50 



20.25 


12.13 

3.80 

16.88 

6.75 


5.06 


6.75 

18.56 

16.20 

3.38 

6.75 

3.38 



5.06 


13.50 

99. T. hastiferum (Arn.) Korsch. 

6.75 


























3.38 

10.13 

6.75 

100. T. staurogeniaeforme (Scliroed.) Lemm. 

6.75 






6.75 

6.75 

6.75 

6.75 

13.50 

5.06 



5.06 

5.06 


6.75 





3.38 

6.75 

3.38 


101. Tetrastrum sp. 

71.09 

53.32 

44.43 

71.09 

53.32 

17.77 

71.09 

8.88 

17.77 


195.50 

17.77 

71.09 

23.69 

23.69 

23.69 

23.69 

35.54 

17.77 

17.77 

17.77 

17.77 


17.77 

17.77 

35.54 

17.77 

17.77 

17.77 

102 Other Chlorococcales 1.5 firn —3 pm 

17.77 

35.54 

97.75 

88.86 

35.54 

35.54 

17.77 

8.88 

35.54 


53.32 

17.77 

142.18 

71.09 

47.38 


23.69 

177.77 

53.37 

88.86 

71.09 

35.05 

53.32 

88.86 

53.32 

71.09 

35.54 

53.32 

53.32 

103. Other Chlorococcales 3 pm— 6 pm 

97.75 

124.44 

204.39 

533.32 

231.05 

266.60 

124.41 

53.32 

53.32 


944.22 

248.83 

497.66 

450.15 

136.61 

118.46 

473.84 

1137.50 

639.84 

1190.82 

817.57 

355.47 

319.92 

195.50 

177.73 

426.56 

284.34 

479.87 

426.56 

104. Other Chlorococcales 6 pm —10 pm 




8.88 

53.32 

35.54 



8.88 

35.54 

53.32 

53.32 

71.09 

47.38 


142.15 




53.32 

35.54 

35.54 

88.86 

17.77 


17.77 

17.77 

52.41 

35.54 

Zygnematales 






























105. Closterium acutuni Bréb. 








2.03 

2.03 

1.35 

0.20 

0.30 

0.30 

0.30 


0.60 







0.10 

0.10 

0.20 




12.13 

106. C. acutuni Bréb. var. variabile (Lemm.) Meyen 

6.75 


3.38 


20.25 


23.63 


16.75 

13.50 






5.06 

6.75 

13.50 

23.63 

6.75 

11.81 

10.13 

5.90 

3.38 

3.38 

20.25 

3.38 

1.69 

107. C. aciculare West 









0.30 







1.70 

0.30 

1.00 

1.40 

0.60 

.050 

1.50 

1.70 

0.60 

0.10 

1.00 

1.30 

0.80 

0.60 

108. Staurastrum paradoxum Meyen 

74.25 

101.25 

60.75 

30.38 

60.75 

20.25 

40.50 1 

20.25 

20.25 

13.50 

16.88 

7.60 

20.25 


12.66 

7.59 

3.38 

20.25 

33.75 

40.50 

13.50 

3.38 

16.88 

10.13 

6.75 

7.59 

12.30 

6.75 

10.13 

109. Staurastrum sp. 

44.43 

71.09 

53.32 

26.66 

35.54 

106.64 

53.32 


8.88 


88.86 



118.46 

47.38 

71.09 


177.77 

53.32 

71.09 

35.54 

35.54 

17.77 


17.77 

17.77 

35.54 

17.77 

35.54 

110. 0 t h e r species 

1377.45 

906.45 

1013.09 

382.13 

924.22 

1101.96 

693.16 

346.57 

790.92 

177.79 

2061.73 

1279.69 

550.96 

521.22 

497.53 

497.53 

94.76 

1688.48 

1901.77 

3021.50 

2683.81 

1919.54 

1670.71 

1706.26 

1688.48 

2026.48 

2328.33 

4638.90 

2897.09 

Caulobacteriales 




























1033.01 

444.33 

111. Planctomyces bekefii Gimesi 

479.88 

319.92 

266.60 

382.13 

I 

1200.86 

1119.73 

870.90 

355.47 

542.09 

266.60 

550.98 

515.43 

639.84 

284.30 

450.15 

47.38 

379.07 

408.79 

248.83 

i 

558.75 

408.79 

302.14 

497.66 

586.52 

213.28 

426.56 

710.94 


August 18, 
1076 

I IO 3 I » 

17.77 

35.54 

35.54 

13.50 

23.63 

20.25 

0.20 

35.54 

3.38 

6.75 

13.50 

3.38 

3.38 

88.86 

35.51 
0.10 

10.13 

0.10 

10.13 

0.10 

0.10 

17.77 

0.60 

40.50 

212.63 

3.38 

6.75 

3.38 

888.65 

17.77 

1.20 

15.00 

3.38 

17.77 

13.50 

53.32 

53.32 

16.03 

0.20 

71.09 

0.10 

20.25 

53.32 

35.54 

3.38 

17.77 

53.32 

213.28 

17.77 


6.75 

0.10 

1084.18 

142.18 
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Results and evaluation II. 

To describe spatial-temporal structures of producers, various algological 
studies employ numbers or phytomass, depending on thè nature of thè study. 
It nearly counts as ari exception to use bolli. The two approaches on no account 
cari he taken as equal as it is apparent when considering their qualitative differ- 
ences. The quantitative algological results of this study show thè latter 
conclusion. 

The inean value of thè total number in thè study period is high, 60.41 • 
•IO 5 1 1 -1 (wliere I I -1 = number • l -1 ). Daily readings fluctuated, showing 
inereasing and decreasing tendencies in alternating two-three day periods. 
For thè study period as a whole, thè total number tended to increase. View- 
ing thè number of microalgae separately, although this is considered to he 
thè results of a preliminary investigation, thè high mean value of 47.67 • IO 5 • 

• 1 * 1 — 1 is pointed out, which is thè first and at thè same time ratlier high 
actual value of this order from Lake Balaton. To dispell suspicion of bacterio- 
plankton, which thè applied method would justify, thè variety of forin micro¬ 
alga sliould be noted; 42 different forms could he allocated to 21 genera (also 
see Table 3 and Fig. 2). The mean of I • 1 _1 of microalgae, 12 • 76 • IO 5 , 
corresponds with results of previous studies of thè Lake (Herodek and Tamas 
1973; Tamas 1969, 1973). 

Distributions of phytomass and numbers in various taxonomical phyla 
appear in Fig. 3, both according to size interval and totals. The areas 
of eircle diagrams are proportional to thè tliirty days mean of thè given 
variable. 

The phytomass of Caulobacteriales is ncgligible with respect to inacro- 
algae phytomass as well as total phytomass. 

The tliirty days’ mean of planktonic phytomass is 1.99 mg • 1 l , from 
this microalgae account for 0.28 mg • l 1 , whilst macroalgae make up for 
1.71 mg • 1 l , with large fluctuations of readings as well. 

It could be further be inferred that thè phytomass of microalgae showed 
inereasing, and thè phytomass of macroalgae showed decreasing tendencies 
(Fig. 4) and thè eircle diagrams clearly illustrate that thè distribution of 
total numbers was to a certain extent determined by thè microalgae and thè 
total phytomass was determined by macroalgae. Subsequently, thè monthly 
feature of numbers is ratlier like microalgae, whereas thè feature of total 
phytomass is like macroalgae. This inference is valid for relationships with 
otlier factors as well (Fig. 6, Table 3). 

The above are accounted for by thè facts that in thè study period micro- 
algae made up for 79% of total numbers whilst for only 14% of thè total phyto- 
mass (this 14% is more than what had previously been persumed and in view 
of production and feeding biology it could be important). 
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Cyanophyta 


Eug 


enophyta 


Pyrrophyta 



Chrysophyta 


Chlorophyta 


Caulobacteriales 


Other Species 


Fig. 3. Distributions of mean of thirty days’ data of numbers and phytomass in eacli taxo- 
nomical phyla. A. inicroalgae I • l -1 ; B. phytomass of inicroalgae; C. macroalgae 1*1 1 ’•> 
D. phytomass of macroalgae; E. total I • l -1 ; F. total phytomass 


mg l" 1 



Fig. 4. Histogram of biomass of macroalgae (light) and inicroalgae (dark) 
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Fig. 5. Numbers and biomass of phytoplankton in thè study period. with environmental 
factors indicated: velocity of wind dashed line; Secchi transparency grey line: A — total 
numbers; B numbers of macroalgae; C numbers of microalgae; 1) total planktonic 
phytomass; E phytomass of macroalgae; F — phytomass of microalgae 




0- 1 —|—i—i—i—|—i—i—i—i—|—i—i—i—i—|—\—i—i—i—|—i—i—i—i 
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Fig. 6 a, b 
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1 - 


Qi- r- 1 - 1 - 1 - 1- 1 - 1 - 1 i r i l 

0 ' 10 20 30 40 50 60 70 80 90 100 110 120 

IO 5 I I ' 1 

Fig. 6c 


Fig. 6. a) Straight line of regression carried out on numbers and phytomass of microalgae (y) 
and thè correlation coefficient (r); b) Straight line of regression carried out on numbers and 
phytomass of macroalgae (y) and thè correlation coefficient (r): c) Straight line of regression 
carried out on total numbers and total phytomass (y) and thè correlation coefficient (r) 


When interpreting Fig. 6/a, 6/b and 6/c, thè values of regression coef- 
ficients should be noted, where a a ]> a b a c , and b a < h b <C b c (appropriate 
values for thè regression equation of thè figure) in thè present case are measures 
of thè indescribability of planktonic phytomass solely by numbers. In other 
words it means that a certain phytomass value cannot be coordinated with 
a given value of numbers. The more heterogenous thè size distribution of thè 
algae association (its spectrum) in thè sample, thè weaker thè correlation 
between numbers and biomass. It should be noted here that a straight line 
of 45° from thè origin would be obtained if thè relationships between numbers 
and phytomass were separately investigated for each species. 

The extreme illustrations in Figs 7 and 8 in which biomass maxima 
of macroalgae occur one day shifted compared to number maxima, led to thè 
establishment of thè above. This is related to thè fact that treating algae above 
10 size intervals, a “great collector” of variable eontent is dealt with, in 
which more sensitive algae dominate in featuring of numbers then in thè 
featuring of biomass. 

This thought is closely related to what has been said in connection with 
6/a, b, c. The validity of thè above conclusimi can also be seen if thè phyto- 
plankton above 10 jum is divided into 10 — 40 //m and 40 firn size intervals, 
and from thè latter substracting thè values of thè largest algae of Baiatoli, 
Ceratiurn hirundinella , which moreover, reaches thè maximum of its number 


Acta Botanica Academiae Scientiarum Hungaricae 24, 1978 





Aria Botanica Academiae Scientiarum Hungaricae 24, 1978 


Table 3 


The results of correlation analysis. Code: 1. Particulate organic carbon content (mg • l~ x ); 2. The velocity of ivind (ni • 3. The SECCUl-trans- 

parency (cm); 4. The temperature of ivater (°C) ; 5. The numbers of total algae (I • l~ l ); 6. The numbers of microalgae (I • l~ l ); 7. The number 
of macroalgae (I • l~ l ); 8. The number of algae between 10 pm and 40 pm (I • l~ l ); 9. Numbers of algae above 40 pm (1 • l~ l ); 10. Numbers of 
algae above 40 pm minus Ceratium hirundinella (I • l~ x ); 11. Total planktonic phytomass (mg • l~ l ); 12. The biomass of microalgae (mg • l~ x ); 
13. The biomass of macroalgae (mg • l~ l ); 14. The planktonic phytomass belween 10 pm and 40 firn (mg • l~ l ); 15. The planktonic phytomass above 
40 pm (mg • l~ l ); 16. The planktonic phytomass above 40 pm minus Ceratium hirundinella (mg • l~ l ) 


Code 

2 

3 

4 

5 

6 

7 

il 

12 

13 

1 

0.180 

-0.440 

—0.210 




0.180 

- 0.299 

0.302 

2 


—0.503 

0.024 

— 0.111 

—0.010 

0.796 

0.530 

—0.206 

0.532 

3 



0.360 

—0.009 

0.080 

—0.781 

—0.510 

—0.139 

—0.536 

4 




—0.265 

—0.802 

—0.384 

—0.380 

—0.738 

—0.201 

5 







0.358 



6 








0.954 


7 









0.674 


8 

9 

10 


0.760 


0.300 


0.920 
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Fig. 7. Numbers (dark) and biomass (grey) of microalgae in thè study period 



Fig. 8. Numbers (dark) and biomass (grey) of macroalgae in thè study period 


during thè study period. The obtained picture with thè correlation coefficients 
of thè appropriate biomass-number pairs as follows: 


r - +0.300 
above 40 firn 

t 


r = +0.674 
above 10 /an_ 


r = +0.760 
10 ^m—40 /an 


r - +0.358 
total numbers- 
total biomass___^ 

= +0.954 
below 10 firn 


^ r = +0.920 
above 40 /Lim 
ni in us Cerati um 
hirundinella 


Thus it can l>e inferred that Ceratium hirundinella greatly influences 
thè daily values of biomass, it reacts differently from, or at least more slowly 
than other algae species to environmental changes. It could be said that 
Ceratium hirundinella is characterised by a certain productional inertia. 

The above makes it imperative that attention be drawn to thè problems 
of sani pie evaluation and partitionings related to it, which are just problems 
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of theoretical ecology of today. To he concise, application of some arbitrary 
partitionings (I • l -1 , etc.) should he reviewed when describing open-water 
planktonic relationships. 

To return to Fig. 6, it should be noted in connection with thè hetero- 
geneity that its extent is also influenced by an algae lawn, which has already 
been proved to forni on thè bottoni of thè Lake in periods of cairn (Pantocsek 
1902) and which is stirred up by wind and waves from time to tiine and tlius 
appears in thè plankton samples. The benthic algae species, which appear on 
stormy days are: Surilella robusta var. splendida , Cymatopleura solea , Cymato- 
pleura elliptica , Diafonia vulgare, Navicula cryptocephala and Campylodiscus sp. 

Studying thè planktonic phytoinass and nuinbers separately in relation 
to temperature, SECCHi-transpareney and mean wind velocity, thè third proved 
to be thè most decisive by numerical analysis, besides which thè effect of water 
temperature — a degrading effect is consideratile (Table 3). 

Since thè correlational coefficients provide information merely for thè 
degree of thè stochastic relationship between thè investigated factors, and 
make no mention of its nature, it seemed right to say that graphically, variables 
converge or diverge. For instance, comparison of phytomass and numbers 
with temperature proved to be difficult. 




Fig. 9. A Thirty day variations of phytoplankton numbers (dark) and water temperature 
(grey); B Thirty day variations of planktonic phytomass (dark) and water temperature (grey) 
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Numbers and biomass showed opposite tendencies in relation to tempera¬ 
ture, which is Gupported by thè correlation coefficients. Assuming thè presence 
of thè already mentioned benthic algae-lawn, thè following explanation can 
he given for thè phenomenon: winds stir up thè water, although no greater 
vertical stratification in temperature was experienced, and cooled it accom- 
panied by stirring up of thè benthic algae-lawn, tlius increasing both numbers 
and biomass. It should be emphasized that this is only a partial explanation 
taking relatively small amounts of algae into account. Herodek and Tamas 
(1975) experienced a similar phenomenon yearly. 

The dependency of water transparency on atmospheric conditions due 
to thè shallow mean depth of thè Lake was as expected from data of thè 
literature (Cholnoky and Lóczy 1900 1912). 

Correlation coefficients of r = —0.503 between SECCHi-transparency and 
velocity of wind and of r = - 0.781 between SECCHi-transparency and num¬ 
bers of macroalgae indicate stirring up of thè benthic alga-lawn. Table 4 
is an attempt to summarize, and from another aspect, tu support what has 
been said so far by carrying out a Path-analysis (SvÀb 1972) of parameters 
(temperature, SECCHi-transparency, velocity of wind) in relation to total 
planktonic phytomass. Special attention should be paid to thè bottoni line 
of Table 4, where besides thè (P 3 ) = 0.227 Patii coefficient of SECCHi-trans- 

parency total planktonic phytomass relation, an indirect X 2 = 0.212 

value is substracted by thè stirring up effect of thè wind, tlius supporting thè 
well-known stirring up effect of algae. 

In connection witli thè Patii diagram (Fig. 10) thè fairly large value 
of Ps = +0.557 should be emphasized, which includes thè effect of zoo¬ 
plankton and other factors not studied here and which, at thè same time, 
points out thè fact that thè factors studied in thè investigation are not suffi- 
cient for even a full description of synphenobiological aspects. 

On thè basis of thè reasons in thè introduction a separate investigation 
served to determine thè particulate organic carbon content of thè deliminated 


Table 4 

Results of Path-analysis with regard to total planktonic phytomass 


The velocity of wind (in • sec ') 

direct 


—0.298 

<x.) 

indirect 

x„ 

—0.009 

indirect 

x; 

—0.082 

The temperature of water (°C) 

direct 


—0.424 

(X 2 ) 

indirect 

X, 

—0.059 

indirect 

x 3 

0.113 

The SECCHi-transparency (cm) 

direct 


—0.227 

(X 3 ) 

indirect 

X, 

—0.107 

indirect 

x 2 

—0.212 
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Temperature of 
water (°C) (1) 



(cm) (3.) 


planctonic phytomass 
(mg l-M (Y) 

i L 


P y = *0.557 


Fig. 10. The Path diagram 


water area, which included organic debris and organic materials living at thè 
time of sampling. Values, similar to other variables, greatly fluctuated. The 
average of 1.424 mg • l -1 , which is well into thè values characterising eutrophe 
waters, supports thè problem of eutrophication which has been mentioned 
in thè introduction and which has been referred to in recent years. On two 
occasions during thè study period, hypertroph values bave been determined 
(readings above 2.00 mg • 1 _1 ). It must he noted however tliat these two read- 
ings do not in any way indicate tliat thè Lake is on thè verge of hypertrophy, 
because on thè one hand these values can he attributed to he thè result of 
locai pollution, and on thè other hand thè non-classic character of thè Lake 
evokes ari eutrophication process differing from thè classical form. For instance, 
thè development of thè clinograde oxygen curve cannot he expected, whereas 
this is one of thè strongest indications of eutrophication of classical lakes. 

In order to reveal thè relationships between planktonic phytomass and 
particulate organic carbon content, it was necessary to determine thè carbon 
content of thè phytoplankton (Winberg 1971) and thè following were obtained: 
thè value of total particulate organic carbon content was one order larger than 
thè one calculated for thè phytoplankton (Fig. 11), thus providing hardly 
any information, but both showing similar tendencies. Taking into considera- 
tion thè fact tliat values of particulate organic carbon content show abrupt 
increase on windy days, thè decisive effect of wind conditions can be inferred 
from this aspect as well. To support this, thè correlation coefficient between 
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Fig. 11. Particulate organic carbon content of thè water (dark) and ealculated carbon content 
of planktonic phytomass (dashed line) in thè study period 

particulate organic carbon content and total planktonic phytomass is r 
= —0.130, but with a partial transformation whicli excludes thè effect of 
wind, it can be increased to r 112 . 2 = +0.330 (factors represented by thè 
appropriate indices of r are in Tahle 3). Since this is also not a remarkably 
dose value, a perinanently present and accumulating organic mass is persumed 
(on thè basis of organic carbon measurements carried out in thè area in recent 
years, but unpublished so far) ! 

It was established tliat values of SECCHi-transparency were determined 
by weather conditions and were primarily dependent on thè ainount of detritus 
stirred up in thè water by waves. The correlation coefficient between Secchi- 
transparency and planktonic phytomass cannot be desribed as high, just as 
stands for r 31212 = - 0.33 obtained by partial transformation which excludes 
thè effect of wind. 


Discussion 

The previous section combined Results and evaluation because this was 
thought to be most effective way of treating thè results, since comparable 
short-terni studies liave not been made on Lake Balaton. However it is neces- 
sary to supplement thè previous chapter with a short discussion, which sum- 
marizes thè major conclusions only. 
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Daily sampling in itself resulted in great fluctuations of all thè studied 
variables, in which increase and decrease pliases alternate in two-three-day 
periods. Daily values of planktonic phytomass show a standard deviation a3 
it has also been shown. These conclusions bring up thè problem of sampling 
intervals, which is a fundamental question in thè planning of all ecological 
studies. 

Difference in information content between numbers and planktonic 
phytomass caution investigators that this aspect must he approached thor- 
oughly and in accordance with thè requirements of thè given study. 

The applied membrane filtering technique, with all its draw-backs (i.e. 
taxonomically unaccurate), is more suitable for thè quantitative investigation 
of microalgae of thè Lake Balaton than Utermòiil’s technique, since thè 
disturbing effect of thè ever-present detritus content of thè Lake is eliminated. 
This method has revealed quantities of algae below thè 10 /nm size interval 
that exceeded previous expectations (Hekodek 1975). This fact requires that 
studies he carried out on microalgae from aspects of diversity and feeding 
biology. This has been a wisli of thè zoologists for some years (Pónyi, personal 
communication), by means of which a sight into thè mass and energy System 
of thè Lake could he obtained. Moreover environmental factors not studied 
here could he taken into consideration, nainely exact metering of light con- 
ditions and a parallel study of zooplankton as consumers. 

Hi gli values of floating particulate organic carbon content of thè water 
indicate eutrophication but some of thè other data pointed to this as well. 
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Fungi belong to plants with a high protein content. It is a very important task 
that, in addition to thè small number of species grown so far (Agaricus bisporus . Pleuro- 
tus ostreatus etc.), newer, valuable species should be dravvn into cultivation, in this 
respect, physiological experiinents are needed on a large scale. For exainple, we have 
only very few data on thè trend on internai contents, among them inainly thè quantity 
and ratio of protein fractions, or on thè fibre content during thè developnient of thè 
fruitbodies. These were thè points of departure in our experimental series related to 
tvvo varieties (Gartenreise and Gelò) of Stropharia rugosoannulata Farlow ex Murr., 
a recently cultivated fungus. The results of our experimental series will be given in 
this paper. 


Introduction 

Researchers all over thè world face thè problem of drawing new species 
of fungi into agricultural production. This has gained growing importanee 
partly from thè viewpoint of protein production, and partly beeause thè utiliza- 
tion of thè increasing mass of agricultural and other waste materials of a high 
carbohydrate content may also he solved by it. 

On thè edge of emptied potato camps, on thè decaying straw cover there 
usually appear Stropharia rugosoannulata specimens. They have silice long 
been gathered and consumed in Germany, inainly in thè autumn months. The 
technology of cultivation has been elaborated in thè German Democratic 
Republic (Pùschel, 1970); its experimental growing in smaller or great«*r areas 
has been started in Austria (Zadrazil—Schliemann, 1975), Czechoslovakia 
(Funfalek, 1973), and also in Hungary (Véssey, 1972; Balàzs, 1974). 
This mushroom can be grown in thè bedding of straw of cereals. It has a 
fine flavour w hich is different from that of species put on thè market so far. 

A successful drawing of a new plant species into cultivation is possible 
only if one becomes familiar with its physiological characters, ecological re- 
quirements and their fulfillment to a possible optimum extent. 

As regards thè physiological and ecological requirements of Stropharia 
rugosoannulata Farlow ex Murr., and its suitahle growth conditions, thè 


Ada Botanica Academiae Scientiarum Hungaricae 24, I07tt 


206 


VETTER,J. RIMÓCZI, I. 


available data were mainly based on experience (VÉSSEY, 1972), and it was 
only recently that information on large-scale laboratory investigations became 
available from literature (Zadrazil—Schliemann, 1975). The experiinents 
inade so far show that Stropharia rugosoannulata may attain great importance 
if produced either on a small or an a large scale. Therefore it is essential that 
thè most valuable items of its internai content, like protein and fibre, be known. 
The number of relevant literature data is small (Lelley, 1976; Pham Van 
Ut and Szabó, 1974), and even they refer only to thè average fruitbody, and to 
its entirety. No examinations have been made in relation to either thè changes 
in thè inner content values during thè development of thè fruitbody or their 
distribution in thè cap and stem. Our investigations concerned thè changes of 
thè parameters, important from thè viewpoint of nourishment (crude protein, 
digestible and non-digestible protein, etc.), during fruit body growth and thè 
existente of differences between thè Gelb and Gartenriese varieties of Stro¬ 
pharia rugosoannulata Farlow ex Murr. 


Materials and methods 

According to thè distribution data available so far, Stropharia rugosoannulata Farlow 
ex Murr. (Photo) is a circumpolar fiorai elementi it has been described in Gerinany, France, 
Japan, and in thè United States of America (IIennig, 1965). It prefers thè Atlanto Sub- 
Mediterranean chinate, but it is found also in Czechoslovakia. On thè other hand, it has not 
yet found wild grown in Hungary. 

Simultaneously with its cultivation, divers strains with increasingly more favourable 
characters were selected from thè maturai variation scale of thè wild grow n mushrooms. 
In thè GDR. Gartenriese and Winnetou are to be found ainong thè new vegetable varieties 
marketed in 1970, and thè Gelb variety (Puschel, 1972) in 1972. 

The Gartenriese variety does not appear in groups, its average crop is 2 — 3 kg/m 2 ; 
thè weight of a specimen surpasses even half a kg. While young, its colour is almost blackish 
brown, later dark rusty brown with a lilac hue. 

The Gelb — thè other variety of our experiments — has light lemon yellow and chrome- 
yellow caps, fading later into greyish light ochre. It has no special requirements and to yield 
fruitbodies already on thè 65 — 70th day; thè crop is ampie, an average 6 — 8 kg/m 2 . 

The experimental cultivation of Stropharia rugosoannulata in thè Botanical Garden of 
thè Horticultural University at Soroksàr w as begun in 1973. under thè guidance of Ede VÉSSEY 
(1972). Barley and wheat straw, mixed in various ratios, was used: as covering soil. a mixture 
of turf and garden soil was applied (F. Nadabàn, 1976). The cultures were placed in Holland 
beds in one of thè sparse poplar woods. As provided by standard No. 13 646 75, related to 

cultivated Stropharia rugosoannulata , fruit bodies in four different stages of development were 
gathered from thè Gartenriese resp. Gelb varieties. In group I, thè cap is not or hardly open; 
in developmental stage No. II. thè cap is coinpletely opened, but its margins are stili bending 
dow nw ard: thè gills are stili of a light colour: thè ripening of spore has not yet started. Develop¬ 
mental stage III is immediately before thè fading of thè spores thè cap is wholly developed. 
In Group IV, spore-falling is already heavy, thè cap expended. its upper skin fading, thè collar 
surface darkened by spore dust. 

In thè Gelb variety, several of thè fruitbodies have grown very large, therefore it seemed 
reasonable to select fruithodies which assumed variously large proportions into separate groups 
according to size, and then examine thein whether it were profitable with respect to thè 
values of internai contents — to let thè fungus attain sudi measurements more economical 
to gather then earlier than that. Considering their developmental stage, groups IV/A, IV/B 
and IV/C of Gelb are identical and characterized as Group IV of Gartenriese by a heavy 
spore fading. Specimens IV/A of 190 200 g had stems 15 16 cm long and 2.5 — 3 cm wide. 

Specimens IV/B had 140 150 g fruit bodies, but with a lengthy, 19 20 cm stem. Group 
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IV/C contained huge specimen» of 200 350 g, a cap diameter 18 22 cm, stem 22 25 mi long 

and 3 — 4 cm thick. 

We separateti thè eaps and stem» of thè fruit hodies; after careful creaning they were 
sliced and dried at 80 °C up to loss constancy, then thè specimen» were ground and analized. 
The crude, digestihle and non-digestihle protein content» of thè specimen», as well as thè nitro- 
gen content of thè residue (non protein), and thè crude fibre content. were determined at thè 
Botanical Department of thè UVS by means of thè methods described elsewhere (RimÓCZI and 
VETTER, 1976). When evaluating thè data serie», we calculated thè arithmetical mean (.v), 
thè standard deviatimi (s), and thè standard deviation of arithmetical mean (s v ) (after Svàb, 
1973). 


Resulta 

Tabl(‘ 1 contains our data on thè Gelb variety of Stropharia rugosoannu- 
lata. If thè developmental phases are left out of consideration, in a comparison 
between thè averages related to cap and stem parameters obtained in our 
examinations and those of siinilar data for fungus species examined earlier 
(see Table 2) it can be inferred that thè crude and thè digestihle protein 
content, both in cap and stem, shows a very considerable, high value, and in 
thè case of thè cap it is thè highest among all examined species. The ratio 
between cap and stem values of internai content is 1.52 : 1.55, which in thè 
case of thè Gartenriese variety lies between Pleurotus ostreatus and Agaricus 
bisporus. The above data, indicating thè value of thè variety, are not essen- 
tially modified by thè relatively higher values of thè other parameters either 
(non-digestihle protein and non-protein nitrogen, crude fibre). 

The crude protein content of thè cap in Phase III (Fig. 1) reached a high, 
717 mg value in comparison witli thè data occuring in thè 459—585 mg/g 
dry weight interval of thè other phases. Changes in thè digestihle protein 
values take a siinilar trend, and thè data series of thè non-digestihle protein 
content also represents a high value (29.2 mg/g dry weight). Among thè data of 
thè residuai nitrogen fraction not mudi of a siinilar relationship could be de- 
tected. Changes in thè crude fibre content do not show a relationship witli thè 
developmental phases examined. lly not considering thè absolute values of thè 
fractions, and by examining thè changes in their percentage distribution 
(Table 3), we could experience a decrease in thè ratio of digestihle protein, 
and an increase to a small extent in thè non-digestible protein and thè residuai 
N. These differences are, however, only of a few percent in magnitude. 

When evaluating thè stem data of Gelb variety (Table 1, and Fig. 1), 
we find that thè c/s-ratio is about 1.5 in thè case of thè two inaili parameters 
(Table 2). The crude protein content is essentially unchanged, it moves around 
a 347—411 nig/g value; a deviation from this is thè 260 ing/g datimi of phase 
No. I. In displaying thè changes in thè crude- and thè digestihle protein content 
data in a comparison with thè cap data (Fig. 1), thè trend in thè changes is of 
a siinilar character; however, in thè case of thè stem, thè characteristic maxi¬ 
mum observable in thè cap is missing. This is shown in developmental phase 
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Table 1 

Changes in thè crude , digestible , non-digestible prntein , non-protein nitrogen and crude fibre 

(x: arithmetical mean ; s: standard deviation: 


Phases of 




I. 

li. 



cap 

stem 

cap 

stem 

Crude protein 

X 

529.8 

260.2 

583.9 

373.25 

(mg/g dry weight) 

s 

34.4 

17.0 

14.6 

6.7 


s x 

19.9 

9.7 

8.4 

3.9 

Digestible protein 

X 

495.7 

210.8 

537.3 

331.2 

(mg/g dry weight) 

s 

3.9 

4.1 

3.9 

6.2 


s x 

2.8 

2.3 

2.2 

3.6 

Non-digestible protein 

X 

12.1 

9.3 

15.6 

1.0 

(mg/g dry weight) 

s 

2.8 

0.8 

1.9 

1.4 


s x 

2.0 

0.6 

1.4 

1.0 

Non-protein nitrogen 

X 

3.5 

! 6.4 

4.9 

6.0 

(mg/g/ dry weight) 

s 

0.4 

0.1 

0.3 

0.2 


s x 

0.3 

0.1 

0.2 

0.1 

Crude fibre 

X 

9.3 

11.2 

11.4 

5.0 

(in per cent of dry weight) 

s 

0.1 

0.9 

1.6 

0.0 


s x 

0.1 

0.6 

0.9 

0.0 



Gartenriese 




II. 


III. 


IY. 



Fig. 1. The trend of thè crude and digestible protein contents in Gelb and Gartenriese varieties 
of Stropharia rugosoannulata during thè development. Abscissa: The stages of development. 
see thè symbols; ordinate: protein (mg/g) 1: Crude protein in cap; 2: digestible protein in cap 
3. crude protein in stem; 4: digestible protein in stein 
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contenta in capa and atema of thè variety Gelò of Stropharia rogoaoannulata during development 
s~ : standard deviation of arithmetical mean) 


development 


III. 

IV/A 

IV/B 

IV/C 

cap 

stem 

cap 

stem 

cap 

stem 

cap 

stem 

717.2 

396.2 

461.8 

347.2 

459.0 

359.7 

514.7 

411.7 

73.0 

12.5 

34.0 

26.1 

7.6 

18.2 

17.7 

27.0 

42.2 

7.2 

19.6 

15.1 

4.4 

10.5 

10.3 

15.6 

651.3 

347.3 

392.6 

309.2 

408.0 

307.1 

432.6 

363.1 

10.2 

0.5 

3.6 

3.6 

2.8 

4.9 

0.2 

18.8 

5.9 

0.4 

2.1 

2.5 

1.6 

3.5 

0.1 

10.8 

29.2 

3.1 

22.8 

6.9 

14.9 

3.2 

27.1 

6.0 

5.8 

4.1 

1.4 

2.5 

1.6 

0.0 

1.7 

0.7 

4.1 

2.9 

1.0 

1.7 

1.1 

0.0 

1.2 

0.5 

5.3 

7.4 

7.0 

5.7 

4.9 

8.0 

8.8 

8.0 

0.7 

0.6 

0.2 

0.4 

0.3 

0.0 

0.3 

0.1 

0.5 

0.4 

0.2 

0.3 

0.2 

0.0 

0.2 

0.1 

12.9 

8.4 

16.2 

5.2 

10.0 

9.7 

17.4 

10.1 

3.8 

0.8 

0.9 

1.4 

2.8 

1.3 

2.5 

0.7 

2.2 

0.4 

0.6 

1.0 

l | 

2.0 

0.9 

1.4 

0.4 


No. III. No systematic changes are exhibited by thè data on non-digestible 
protein and thè residuai N fractions. 

The analysis data on thè Gartenriese variety are sumniarized in Table 4. 
In comparing these data with thè corresponding values of thè Gelb variety, 
of Pleurotus ostreatus and Agaricus bisporus (Table 2), we can state that thè 
crude and thè digestible protein content is lower and does not lag far behind 
thè values of Agaricus bisporus , but essentially surpasses thè corresponding 
averages of thè Pleurotus ostreatus varieties. The favourable internai content 
values indicated above are paired with relatively high non-digestible protein, 
non-protein nitrogen and crude fibre values. 

According to thè changes in thè crude protein content of thè cap, thè 
level is very stable (Fig. 1); it fluctuates around a 400 mg/g dry weight value, 
and it is only Phase III wliicli deviates from this with a higher value. This 
value at thè sanie time significantly deviates from thè data of both thè preced- 
ing phase and thè succeeding phase (No. IV). The data of thè digestible 
protein fraction show a similar picture, whicli is accompanied by also a signif- 
icant difference (in comparison with thè data of all thè other phases). The 
parameters of thè other fractions exainined are essentially unchanged. When 
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Table 2 


The values of protein and crude fibre contents in caps and stems of Stropharia rugosoannnlata , Pleurotus ostreatus and Agaricus bisporus . and 
thè rates of thè values of caps and stems (3). The data ivere compared to thè corresponding values of Agaricus bisporus (see : each second line) 



Stropharia rugosoannulata 

Gelò 

Strophai 

ria rugosoannulata 
Gartenrise 

Pleurotus ostreatus 
average + 

Agaricus bisporus 

+ + 

cap 

stem 

cap 

stem 

cap 

cap 

stem - 

stem 

cap 

stem 

cap_ 

! stem 

cap 

stem 

cap 

1 stem 

Crude protein 
(mg/g dry w.) rate 

543.0 

1.16 

357.0 

0.75 

1.52 

1 

417.9 
0.89 : 

[~ 

188.8 2.21 
0.39 

271.0 

0.58 

138.1 

0.29 

1.9 

467.8 

1.0 

473.7 

1.0 

0.98 

Digestible protein 

485.0 

311.0 

1.55 

361.0 

143.4 2.52 

1 

246.0 

116.0 

2.1 

426.2 

432.9 

0.98 

(mg/g dry w.) rate 

1.13 

0.71 


0.84 

0.33 

ì 

0.57 

0.26 


1.0 

1.0 


Non-digestible protein 

20.2 

4.9 

4.08 

29.8 

| 

13.7 2.19 

8.3 

5.9 

1.40 

2.7 

7.1 

0.40 

(mg/g dry w.) rate 

7.5 

0.69 


n.i 

1 

1.92 

3.1 

0.8 


1.0 

1.0 


Non-protein nitrogen 

6.0 

6.7 


4.5 

4.6 0.96 

2.8 

2.7 

1.03 

6.2 

5.4 

j 

| 1.15 

(mg/g dry w.) rate 

0.97 

1.25 

0.89 

0.71 

0.85 

0.45 

0.5 

1 


1.0 

1.0 

1 

Crude fibre 

12.8 

8.3 

1.54 

9.32 

11.2 0.83 

5.3 

7.8 

0.70 

8.3 

8.3 

1.0 

(in per cent of dry weight) 












rate 

1.54 

1.00 


1.12 

1.40 

0.63 

0.93 


1.0 

1.0 



-f- After Kimóczi—Vetter 1976 
-j- Our unpublished data 
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Table 3 

The changes of thè protein fractions in caps and stems of thè variely Gelb of Stropharia 
rugosoannulata during development (in per cent of thè actual crude protein amount) 


Phases 

of development 

Digestible protein 
(in per cent of thè 
crude protein) 

Non-digestihle 

protein 

(in per cent of thè 
crude protein) 

Non-protein 

nitrogen 

(in per cent of thè 
crude protein) 

I. 

cap 

93.7 

2.3 

4.0 


steam 

81.1 

3.6 

15.3 

II. 

cap 

92.2 

2.7 

5.3 


stem 

88.7 

0.3 

1.6 

III. 

cap 

90.7 

4.1 

5.1 


stem 

87.7 

0.8 

1.8 

IV/A. 

cap 

86.2 

5.3 

9.3 


stem 

89.1 

2.0 

8.9 

IV/B. 

cap 

88.9 

3.3 

7.8 


stem 

85.5 

0.9 

13.7 

IV/C. 

cap 

84.2 

11.3 

4.6 


stem 

88.4 

1.5 

1.9 


considering only thè ratio of thè fractions (Table 5), we experience a variability 
of a small extent only; thè digestible protein content decreases by a few per 
cents, along with an increase of thè sanie ratio in thè other tw r o fractions. 

The crude protein content value of thè stem is nearly half of thè corre- 
sponding values of thè cap in all phases, and essentially of a Constant or a slightly 
rising tendency (Fig. 1). 

The data of thè above analyses of thè varieties were examined also from 
other aspects of thè developmental phases and growth of thè fungus. From thè 
data of ratios between fresh and dry weights of thè gathered fruitbodies as 
well as between cap and stem weights, thè parameters of thè corresponding 
naturai cap-stem ratios—that is, thè ones reflecting thè conditions of thè un* 
divided fruit body—were also calculated and taken into consideration (Table 6). 
According to these, thè average fresh weight of thè fruitbodies of, for 
example, thè Gelb variety (Fig. 2) shows a maximum in phase No. IV/A, 
which is preceded by a graduai increase. Since thè changes in thè two data 


14* 
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Table 4 


Changes in thè crude , digestible , non-digestible protein , non-protein nitrogen and crude fibre 
content in caps and stems oft he variety Gartenriese of Stropharia rugosoannulata during develop- 
ment (x: arithmetical mean; s: standard deviation; sstandard deviation of arithmetical mean) 





P h a s e 

s o f d 

e v e 1 o f 

imeni 



I 

II 

III 

IV 

cap 

stem 

cap 

stem 

cap 

stem 

cap 

stem 

Crude protein 

X 

411.4 

173.4 

409.1 

189.6 

459.5 

184.2 

391.9 

208.3 

(mg/g dry weight) 

s 

5.9 

8.7 

8.7 

8.0 

14.2 

15.9 

16.5 

20.5 


Sx 

3.4 

5.0 

5.0 

5.7 

9.1 

9.1 

9.5 

11.8 

Digestible protein 

X 

371.1 

134.9 

348.2 

144.3 

401.5 

143.5 

324.5 

162.8 

(mg/g dry weight) 

s 

2.3 

5.1 

1.9 

2.7 

10.7 

3.3 

6.4 

1.5 


s x 

1.3 

3.6 

1.1 

1.5 

6.1 

1.9 

4.5 

0.9 

Non-digestible protein 

X 

26.7 

20.6 

32.3 

12.4 

29.2 

11.7 

31.2 

10.0 

(mg/g dry weight) 

s 

6.5 

0.1 j 

6.3 

6.8 

7.1 

1.5 

11.0 

0.4 


S X 

4.6 

0.1 

4.4 

4.8 

5.0 

1.0 

7.7 

0.3 

Non-protein nitrogen 

X 

2.5 

2.9 

4.5 

5.1 

4.6 

4.6 

6.2 

5.7 

(mg/g dry weight) 

s 

1.0 

0.1 

1.0 

1.1 

1.1 

0.2 

1.7 

0.1 


«X 

0.7 

i 

0.1 

0.7 

0.8 

0.8 

0.2 

1.2 

0.1 

Crude fibre 

X 

5.8 

11.4 

9.0 

11.5 

9.8 

10.8 

12.7 

11.0 

(in per cent of dry 

s 

0.4 

0.7 

0.9 

0.7 

1.3 

0.5 

1.5 

0.1 

weight) 

s x 

0.2 

0.4 

0.8 j 

0.5 

0.8 

0.4 

0.8 

0.1 


Table 5 

The changes of thè protein fractions in caps and stems of thè variety Gartenriese of Stropharia 
rugosoannulata during development (in per cent of thè actual crude protein amount) 


Phases of development 

Digestible 

protein 

(in per cent of thè 
crude protein) 

Non-digestible 

protein 

(in per cent of thè 
crude protein) 

Non-protein 

nitrogen 

(in per cent of thè 
crude protein) 

I. cap 

90.3 

6.5 

3.2 

stem 

78.0 

11.9 

10.0 

II. cap 

85.1 

7.9 

6.9 

stem 

76.4 

6.6 

17.0 

III. cap 

87.4 

6.4 

6.2 

stem 

78.0 

6.3 

15.6 

IV. cap 

83.0 

8.0 

9.5 

stem 

78.3 

4.8 

16.9 
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Gartenriese 



Fig. 2. The crude protein content of an average dry fruit body (A, unit: mg/g) and thè average 
fresh weight (B, unit: g) in thè cases of Gelò and Gartenriese varieties of Slropharia rugosoannu- 
lata. (Abscissa: thè stages of developinent) 


rows are of an identical character, it can be inferred that thè dry weight level 
fluctuates only to a slight extent. The growing crude protein values — as 
against thè identical dry matter level — in phases Nos I, II and 111, calculated 
for 1 g of thè average fruit body,indeed indicate a growing protein and nitrogen 
metabolism during development. 

Gartenriese also reaches thè highest average fresh weight in phase No. 
IV, but thè developmental intensity of thè fruit body is different from that 
of thè Gelb variety. This keeps its fresh weight — reached already at thè beginn- 
ing of its development — through tliree stages, and thè newer weight increase 
starts only simultaneously with thè ripening of thè spore, which means a 
fruit body increase. As against this, its protein content, calculated for thè weight 
unit of thè dry fruitbody, remains unchanged. 
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Table 6 


Changes in thè fresh and dry ueights and crude protein contents (calculated on tlie iveight unit 

fruit body 






P h a » e s of 


i 


li 


Gart. 

Gelò 

Gart. 

Gelò 

Fresh weight of thè average fruit 
body 

29.0 

19.4 

28.2 

52.2 

Dry weight of thè average fruit 
body 

1.5 

1.6 

1.7 

8.0 

mg protein 





dry average fruit body 

366.6 

373.0 

310.8 

473.5 



Photo: 


A group of fruit bodies of Stropharia rugosoannulata of different development 
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of an average fruitbody) of thè varieties Gelò and Gartenriese of Stropharia rugosoannulata during 
development 


development 


IH 

1V/A 

IV/B 

i v/c 

Gart. 

Gelò 

Gart. 

Gelb 

Gart. 

Gelb 

Gart. 

Gtlb 

18.2 

107.6 

89.2 

196. 4 


128.9 

| 

101.2 

1.2 

6.2 

5.7 

14.1 


9.6 


11.5 

331.9 

550.8 

332.6 

421.7 


417.1 


466.4 


Discussimi of thè results 

Th<* experimental cultivation of Stropharia rugosoannulata Farlow ex 
Murr., both on a small and a large scale has come to thè forefront of interest 
all over thè world. Therefore it is justified to study thè metabolic changes 
that accompany thè inorphological changes occurring during thè development 
of thè fruit body of thè fungi, in both qualitative and quantitative respects, 
because it is only thus that we cari determine thè most advantageous time of 
gathering thè fruit and thè possibilities of processing thè fruit bodies. 

This species can be grown by small enterprises in extensive cultivation, 
because thè protein content valile is nearly identical with that of Agaricus 
hisporus , and its cap and stem values concerning internai contents are almost 
identical with, for example those of Pleurotus ostreatus (Table 2). 

The fruitbody development of thè two varieties examined is different, 
which is manifest also in respect of thè internai contents. In thè fruit bodies of 
thè Geli) variety, thè initial level of protein, taken in an absolute value, in- 
creases evenly up to thè starting of spore ripening (stage No. III). Whereas in thè 
fruitbodies of thè Gartenriese there is no sudi change. On thè other hand, thè 
protein content of thè Volvariella volvaceae Bull, ex Fr. (Sing.) fruit body 
as stated by Oriollo and Carangal in 1961 (PhamVais Ut, 1975) decreases 
during development. The varieties examined by us reach their highest fresh 
weight at thè time of their spore ripening, but with different values. The Gelò 
variety, together with its having different fruitbody ratios concerning both its 
stature and weight (IV/B, 1V/C), surpasses thè Gartenriese variety in which 
there were no sudi differences between thè completely developed fruit bodies. 
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On thè basis of thè highest weight and internai content values, thè most 
appropriate time of gathering thè fruit is stage No. IV in Gartenriese. True, 
according to Hungarian standard No. 13 646—75, this qualifies only as a 
second class variety, for thè mass of thè ripe spores may darken thè fruit body. 
However, by applying an appropriate technology in canning, this product 
can stili he excellent. Its use in this way is also justified by thè fact that earlier 
gatherings — for selling thè fungi in thè market — would provide a fresh prod¬ 
uct of a multiply smaller volume with thè same quantity of protein content. 
According to thè data of cultivating thè Gartenriese either abroad (Puschel, 
1972) or in Hungary (F. Nadaban, 1976), its gathering as a first class product 
for direct consumption is not profitable when calculated for a unit of production 
area. On thè basis of our data related to thè internai content values and devel- 
opment of thè stem, thè stage of gathering and use as suggested here may 
favourably modify thè picture drawn on thè values of thè variety so far. 

The most favourable time of gathering depends also, in thè Gelb variety, 
on thè mode of utilization. In stage No. Ili, before spore ripening, its protein 
content is thè highest (Fig. 2), its appearence thè most favourable, therefore 
gathering for selling it on thè market is thè most appropriate at this time. If 
we wait until thè spore is ripe and fallen (phase No. IV), thè fruit is darker as 
a whole; even though its protein content decreases this is counterbalanced by 
thè weight increase wliich is almost doublé. Therefore thisis thè most appropri¬ 
ate time of gathering thè fruit bodies for canning or dehydration. The yield 
of thè Gelb variety, if calculated for a unit of production area, is high, thè high 
protein content, compared with that of other fungi, and thè favourable compo- 
sition of thè protein content, further increases thè cultivation values of this 
fungus. This is especially so if we apply, during cultivation and processing, thè 
considerations described above with respect to fruit body development and 
internai content values. 

According to our data, even in specimens which can be classified as 
first class ones on thè basis of thè Hungarian standard essential internai con¬ 
tent values, as for example thè quantity of protein fractions, may differ con- 
siderably. This must be taken into consideration during processing (e.g. for 
powder), mainly with respect to thè Gelò variety. 


Siiminary 

The authors examined thè changes in thè various protein fractions 
(crude, digestible and non-digestible fractions), non-protein (residuai) N 
fraction and crude fibre contents of thè cap and stem of thè Gelb and Garten¬ 
riese vaiieties of Stropharia rugosoannulata Farlow ex Murr. The aim of their 
work, carried out in thè Botanical Garden of thè Horticultural University 
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and in thè Botanical Department of thè UVS, was to study thè trend of changes 
prevailing in thè various phases «f thè development of fruitbodies and sep- 
arately in thè cap and thè stem, thè optimum tirile of gathering to he chosen 
accordingly, and last hut not least, thè values represented by thè two varieties 
of Stropharia rugosoannulata. 

On thè kasis of specimens taken at four developmental stages (I: thè 
cap not or hardly opened; II: thè cap opened, spore — ripening stili absent; 
III: immediately before spore-falling; IV: cap fully developed, spore-falling) 
thè following statements can be made: 

1. The crude- and digestible protein content of thè cap and stem in 
Stropharia rugosoannulata is high. In Pleurotus ostreatus ( Jacq.ex Fr.) Kummer 
thè cap and stem are richer in digestible protein, and thè protein content of 
thè Geli) variety cap overpasses that of Agaricus bisporus (Lange) Singer. 
The fact that thè differences in thè internai content values of cap and stem 
are not too great is a favourable circumstance. 

2. On thè basis of thè parameters examined in thè two varieties, it can 
be stated that in developmental phase No. Ili, thè cap of Gelb shows a maxi¬ 
mum of crude- and digestible protein content, and thè tendency of changes in 
thè Gartenriese data is similar. The stem data in both of thè varieties move 
essentially on a Constant level. During thè developmental processes of thè 
fruithody a considerale increase in thè protein quantity appears therefore 
between developmental phases Nos II and III. 

3. The percentage distribution of thè crude protein contens in thè various 
developmental stages changed only to a small extent (thè digestible fraction 
decreased, thè ratio of thè other fractions increased only slightly). 

4. If we consider also thè changes in thè fresh and dry weight averages 
of thè fruitbodies in our data processing, and make our calculations with thè 
crude protein values related to thè average fruithody weight unit, thè pictures 
obtained for thè two varieties will be somewhat different. However, it is best, 
in thè case of both varieties, to await thè onset of developmental phase No. 
IV — considering also thè requirements and possibilities of thè conserve in- 
dustry. The quantity of protein present at this phase is slightly smaller if 
related to thè weight unit, but if taken together with thè rest of thè phases 
this quantity is thè greatest. 

5. The crude fibre content of thè species does not differ from that of thè 
other cultivated fungi, and it fluctuates irregularly during fruithody growth. 

6. Our data confirm that Gelb is thè more valuable of thè two varieties. 

With our results we should like to contribute to a better understanding 

of thè fruithody growth and developmental processes of Stropharia rugoso¬ 
annulata as well as to thè working out of even more efficient technologies of 
cultivation, and, last but not least, to thè cultivation of this very valuable 
fungus species on a larger scale. 
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L. Bogorad, J. II. Weil (eds.): Nucleic Acids and Protein Synthesis in Plants. Plenum Press 
New York. 1977. pp. 417 


The hook contains thè text of thè 24 lectures delivered at thè Colloquim held in Stras¬ 
bourg (France) on 15 24 July, 1976. The lectures faithfully reflect thè far-reaching research 

trends in plant molecular biology of our days. Although these researches turn to fundamental 
biological problema, thè research results are also useful for thè purposes of agriculture. The 
lectures can he summarized into thè following greater thematical units: 

a) The organization and replication of nuclear and chloroplastic genomes. Two lectures 
were delivered on this topic; one of them deals with thè DNA synthesis taking place during 
thè microsporogenesis of Lilium (Herbert Stern), thè other reports on thè electronmicroscopic 
and ultracentrifugai examination of thè circular DNA (ctDNA) of chloroplastics, in thè course 
of which data were obtained on thè measure, structure, denaturai and renaturai as well as 
hyhridizational characters of ctDNA (K. K. Tewari and co-workers). 

b) Three of thè lectures dealt with transcription. The lecture suinming up thè produc¬ 
tion and characterization of thè UNA polymerases occurring in thè hypocotyl cells of soya 
(Tom J. Guilfoyle and Joe L. Key) is interesting also because it makes thè inechanism of 
celi growth more understandahle; for, during thè auxine-induced growth, thè RNA metabolism, 
and paratici with it thè UNA polyinerase-I activity too, considerably change in thè hypocotyl 
tissue of soya. In examining thè transcription of thè nuclear genome of Acetabularia , we can 
get an answer to morphogenetical questione (Ilans-Georg Schweiger), and again thè separa- 
tion, by means of agarose-polyacrylamide gel electrophoresis, of ribonucleic acids which are 
<]uick to be marked, and of great molecular weight of thè synthesized cytoplasmic, chloro¬ 
plastic and mitochondrial ribosomes of thè celi cultures ( Petroselinum , Pisum , Acetabularia , 
Cyanidium) incubated with [ 3 H] uridine, leads to a better understanding of thè operation of 
celi organelles (G. Richter and co-workers). 

c) Translation: thè apparatus of protein synthesis. The protein synthesis of plant 
cells takes a different course in thè cytoplasm, thè chloroplastics and thè mitochondrium: 
thè protein synthesis of thè organelles is much more similar to thè synthesis taking place in 
thè procaryotic cells than to thè inechanism of thè protein synthesis of thè cytoplasm. The 
five lectures on thè topic provide important data also for thè understanding of cellular evolu- 
tion (endosymbiotic v. non-symbiotic evolution). Transfer RNAs and aminoacid-transfer — 
RNA-synthetases in thè plant cytoplasm, chloroplasts and mitochondria: tliey can be found 
in celi organelles, and are similars to bacterial organelles (.1. H. Weil and co-workers). The 
ribonucleic acids of small molecular weight of thè plant ribosomes, their structure, function 
and evolution: thè sequence of 5S rRNA occurring in chloroplastics esscntially differs from thè 
cytoplasmatic 5S rRNA and is rather more similar to thè nidulant 5S rRINA of thè Anacystis 
(T. A. Dyer and co-workers). The lecture dealing with thè genetics of ribosomes of thè chloro¬ 
plasts called Chlamydomonas reinhardi also presents a short evolutionary evaluation and, be- 
sides, it reviews thè cluster-cone hypothesis of thè origin of eucaryotism (L. Bogorad and co- 
workers). Protein synthesis in plants: thè lecture entitled “The specificity and role of thè cyto- 
plastic and organellar systems” (C. ClFERRl and co-workers) provides a clear picture of thè 
questions mentioned. Seal and co-workers delivered a lecture on thè functional characteristics 
of thè initiating factors of wheat germ. 
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d) The nucleic acid and protein synthesis of celi organelles: thè relations hetween or¬ 
ganelles and celi nucleus. The three lectures on thè topic touch upon genetical and evolutionary 
problems as well. The lecture discussing thè phenotypical markers of thè DNA gens of chloro- 
plasts (Kevin and co-workers) examines prirnarily thè results related to thè synthesis of thè 
proteins in Nicotiana Fraction I, from thè viewpoint of biocheinical genetics. The lectures 
discussing thè protein synthesis of chloroplasts (R. John Ellis) and thè biosynthesis of thè 
mitochondrial proteins (C. J. Leaver and P. K. Pope) are important suminaries of thè results 
obtained in thè field. 

e) The effect of horinones and environinental factors on thè synthesis of nucleic acids 
and proteins. Five of thè lectures belong to this topic. Light is an important factor in thè reg- 
ulation of UNA and protein synthesis taking place in plants, by means of photoreceptors, 
phytochrornes, which are of thè nature of a protein (H. Mohr and P. Sciiopfer). Donald 
Boulter summarizes thè synthesis and accumulation in thè seed of thè protein of cereals 
and leguminous plants, from biocheinical viewpoints as well as of nutrition. The biochemistry 
of germination was dealt with in thè lectures discussing thè transforination and regulation 
of thè stored mRNA of dicotyledonous seeds (Leon S. Dure III and Byrry IIarris), and thè 
hormonal regulation of protein synthesis (J. E. Varner). The regulation of plant growth 
through protein kinases: phosphorylation of thè ribosomatic protein, that of histone-I, is 
dealt with in thè lecture of A. Trewavas and B. R. Stratton. 

f) There are six lectures on thè topic dealing with plant viruses, viz .: The generai 
characteristics of thè isolated protoplasts, and thè alien genetical material uptake (DNA and 
viruses, organelles and microorganisms), thè fusion of protoplasts (E. C. Cocking); thè seg- 
ments of thè plasmid of Agrobacterium tumefaciens responsible for thè induction of thè crown 
gali tumours (J. Schell and co-workers). The lecture of J. P. Briand and co-workers describes 
thè nucleotid sequences of thè RNA of plant viruses (Turnip yellow mosaic virus, tobacco 
mosaic virus). The recently recognized subvirai pathogens, thè viroids, owing to their patho- 
genic effect, are of great importance in agriculture. Their biocheinical characteristics and repli¬ 
catimi are described by T. 0. Diener. The aminoacylation of thè virai RNA can be involved 
in thè regulation of replication or transformation; aminoacylation is dealt with in thè lecture 
of M. Pinch and co-workers, while L. van Vloten-Doting and co-workers give a picture of 
thè in vivo and in vitro transformation of thè RNAs in thè alfalfa mosaic virus. 

It is characteristic of all thè lectures of thè volume that they give a clear, comprehen- 
sive picture of thè topic mcntioned in thè title, illustrated with figures and tables persuasively, 
in such a way as to present each as an entity within thè whole. 

S. Szilàgyi 


Kedves, M.: Paleogene Fossil Sporoinorphs of thè Bakony Mountains. Part III. Studia 
Biologica Academiae Scientiarum Hungaricae 15, pp. 161, XXIV Plates, 1978 

The palynological description of thè paleogenic flora of thè Bakony Mountains is 
published in thè series Studia Biologica in which thè present Part III is at thè same time thè 
last taxonomical volume in thè series. After Part I (1973) and Part II (1974), this work contains 
thè description of further thirty-three form-genus specimens, among them thè description 
of several new species. The description of thè new species is illustrated by clear drawings, 
in addition to thè photographs. 

In thè introduction, thè author also touches upon some morphological and denomina- 
tional problems. This is followed by a taxonomical part, in which thè generai description 
and literary survey of thè various form-genera are followed by thè enumeration of thè species 
explored, together with an accurate determination of their habitat and age. The sporomorphs 
which have been examined originate mainly from boreholes, their age is mostly eocene, from 
thè various periods of thè Eocene. The volume contains twenty-four plates of photographs, 
which illustrate thè flora that have been elaborated well. At thè end of thè volume a detailed 
list of references and also an expediently arranged subject-index can be found. The value of 
thè work is increascd by thè appropriate editing and thè nice layout. On thè basis of thè preced- 
ing two volumes of thè series, thè researchers dealing with tertiary palynology are already 
familiar with thè subject. This volume provides both foreign and Hungarian paleobotanists, 
beyond those working in thè narrower specialist field, with an important addition to thè knowl- 
edge of Hungarian Eocene paleoflora. The macroflora of thè area examined, and in generai 
thè macroflora of thè Hungarian Eocene is poor. It is therefore thè abundantly occurring 
microflora that gives information on thè flora of thè Hungarian Eocene. 

L. Hably 
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J. li. Mudd aiul T. T. Kozlowski (eds.): Responses of pianta to air pollution. Physiological 
Ecology serie» 11. Academic Press, New York San Francisco —London, 1975, 383 pp. 

Volume 11, appearing in thè hook serie» entitled ‘ ,fc Physiological Ecology”, edited by 
T. T. Kozlowski and J. B. Mudd, presenta thè readers an important and timely topic of 
physiology and ecology. again. Recently, this branch of ecology and ecophysiology has reached 
into thè centre of researches. The powerful development of industry and agriculture today 
produce» a large quantity of pollutants (gases, particulates, radio-active agents, etc.), which 
pollute thè air, thè soil and thè water». A large part of thè pollutants is toxic to living celi», 
owing to their chemical characteristics or high concentration. In a last analysis, these toxic 
agents directly or indirectly endanger thè health of man. They make harmful effects on 
thè structure and functions of thè ecosystem of our naturai environment, and they also in- 
fluence thè quantity and quality of agricultural production. After recognizing thè very dan- 
gerous charactcr of pollutants, thè ecologists and physiologists have set out to examine with 
great intensity thè effect of pollutants on living beings. They carry out all this work in thè 
interests of preserving thè health and thè naturai environment of man. On thè basis of these 
examinations, increasingly more scientific reports and books come to existence.The present 
hook also joins in this topic, that is it deals with thè results of thè investigations and experi- 
inents into thè biological, biochemical effects of air-polluting materials on plants and it draws 
conclusions from thè results. Although a relatively great number of books have been published 
in connexion w ith air pollution, there are probably only a few of such that deal with thè biolog¬ 
ical effects of air pollution. This is why we think thè puhlication of this hook will be spe- 
cially welcome. 

It embraces comprehensive fiele! of knowledge on a large scale. After thè introduction, 
thè most important pollutants and their effects are discusseti, then thè interactions between 
pollutants and plants are dealt with. 

Chapter 1 — Introduction. It gives a short summary of thè contents of thè hook. The 
most important air pollutants are described, their origin and their quantity contained in thè 
atmosphere, together with their harmful effects and thè mechanism of their destructive effect 
are also dealt with. 

In Chapters 2 — 7, thè most important air pollutants and their effects are discussed 
separately, in a chapter each, viz. sulphur dioxide, ozone, fluorides, peroxyacyl nitrates, oxides 
of nitrogen, particulates. 

Chapter 2 Sulphur dioxide. This air pollutant has been known for thè longest time. 
It derive» primarily from thè burning of coal and oil into thè air. The chapter deals with thè 
symptoms, physiological and hiochemical effects of thè destruction. Among thè physiological 
effects, those on stomatal opening, amino acidic coinposition, photosynthesis, and on chloro- 
phyll are dealt with bere. Among thè biochemical effects, thè reactions between S0 2 and 
aldehydes, ketones, olefine compound», disulphides, pyrimidines, pyrimidines and enzymes 
as well as their consequences are described in this chapter. 

Chapter 3 Ozone. After descrihing thè chemical properties of ozone, this chapter 
deals with thè effects of ozone pollution. Among thè polluting effects, those on thè tissue struc¬ 
ture of thè leaf and especially on thè palisade parenchymatous cells are mentioned. Among 
thè physiological effects, those on thè formation of celi walls (primarily through thè inhihition 
of thè UDP-glucose polysaccharide synthetase enzyme), as well as thè effect of ozone on thè 
permeability of plasmolemme is emphasized by thè writer of this chapter, J. B. Mudd. Among 
thè biochemical effects of air pollution, several examples of those on cytoplasmic biochemical» 
are to be found. We can read about thè secondary reactions of air pollution, namely, thè reac¬ 
tions taking place between ozone and sulphhydryls, amino acids, proteins and reducing sugar». 
At thè end of thè chapter, thè author puts several interesting questions which are awaiting 
answers from future researchers into this field of Science. 

Chapter 4 Fluorides. In this chapter we can read about thè absorption, accumulation 
and translocation of fluorides in plants and also about thè effect of fluorides on thè various 
metaholites, respiration and thè biochemical reactions related to them, and on photosynthesis, 
pigments, growth and thè related biochemical metaholites; thè whole question is discussed 
on thè basis of source materials used in a great number. 

Chapter 5 — Peroxyacyl nitrates. A secondary pollutant, forming in thè course of photo- 
chemical reactions, from thè oxidation of hydrocarbons deriving from thè primarily escap- 
ing gases together with other, secondary pollutants (aldehydes, ketones). We can read in thè 
chapter also about thè symptoms of PAN destruction, as well as about thè physiological and 
biochemical effects of pollution. Among thè biochemical effects, thè inhihiting or modifying 
effects of PAN on thè hydrocarbon metabolism, photosynthesis and other biochemical proc¬ 
esse», or on some specific biochemical» (nicotinamide, sulphur-containing compound», purines 
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and pyrimidines, olefines, amines) are dealt with. In addition to thè destruction caused in 
plants, another effect of pollution, thè irritation of thè human eye, is also discussed, with 
respect to thè damage caused by PAN and aldehyde coinpounds. 

Chapter 6 Oxides of nitrogen. At thè beginning mention is made of thè formation 
and of thè Chemical properties of these compounds (NO, NO.,). They, together with thè former 
pollutant, take part in thè formation of oxidant among. In thè further parts of thè chapter, 
thè authors deal with thè mechanism of destruction in plants, and with thè effects of these 
compounds on plants of higher order. From this chapter thè reader inay become familiar 
with thè NO, resistance of many agricultural and garden plants, deciduous tree species and 
pines. The authors classified thè* plants by thè NO,-resistance of their leaf into resistance 
groups. 

Chapter 7 — Particulates. As is stated also by thè authors, their effects on plants are 
less known. The effect of soma particulates on thè vegetation is described. For exainple, thè 
effects of cement-kila dust, fluorides, lead particles, soot, magnesium oxide, iron oxide, etc. 
Cement-kila dust and its direct physical and Chemical effects are described by thè authors 
in detail. 

Chapter 8 — Plant responses to pollutant combinations. In this chapter, thè authors 
describe thè effects of some combinations of air pollutants (sulphure dioxide-ozone, sulphure 
dioxide-nitrogen dioxide, sulphure dioxide-hydrogen fluoride, and other pollutant combina¬ 
tions) on plants, on thè basis of related experiments and observations. 

Chapter 9 Effects of air pollutants on plant ultrastructure. On thè basis of scientific 
reports available, thè author describes thè effects of thè most important air pollutants (ozone. 
peroxyacyl nitrate, nitrogen dioxide. sulphur dioxide, ethylene, fluoride). He writes about thè 
harmful effects, lesions that ensue in thè leaf, celi and mainly in thè chloroplastice of plants. 
The effects of pollutants in thè ultrastructure of thè cells is illustrated by thè author with 
appropriate electron microscopie pictures. 

Chapter 10 — Effect of air pollutants on forests. At thè beginning of this larger chapter. 
thè authors write about thè classification of thè forest ecosystems and forest types of thè USA, 
and about thè dynamics of thè ecosystems, in short. Then we can read about thè destruction 
primarily of forests in USA and Canada. The forests of some European countries are however 
also dealt with (England, West-Germany), We can read about thè origin of sulphur dioxide, 
fluoride. ozone and oxidant pollutants, and thè extent of their pollution in thè above countries 
also in detail. Besides, mention is made of thè detection of pollution and of thè ecological and 
thè phytocenological consequences of pollution. At thè end forests as air-polluting sources 
are dealt with. Information is given on thè fact that thè canopies of forests emit a consider¬ 
ale quantity of photochemically reactive hydrocarbons into thè atmosphere of thè earth 
(175 x IO 6 tons). Mention is made of thè mono- and hemiterpenes emitted by thè forest tree 
species, and of thè way particles, together with thè part played by them in thè formation of 
blue haze. 

Chapter 11 — Effects of air pollutants on lichens and bryophytes. In this chapter, 
thè authors describe in detail thè methods of investigation used for thè detection of pollution. 
Thus they write about thè ecological and phytosociological methods (vegetation mapping. 
poleotolerance index and biological scales), as well as thè ecophysiological methods (studies 
under field and laboratory conditions, reproduction and fertility, species susceptibility, etc.). 
By means of thè description of thè methods, information is also given on thè effect of important 
pollutants on lichens and mosses, and we shall become familiar also with thè sensitivity of thè 
various species, with thè help of thè surveying of a great number of experimental results and 
observations. 

Chapter 12 — Interactions of air pollutants with canopies of vegetation. In thè first 
part thè authors deal with thè composition of thè lower atmosphere, and with thè circulation 
of pollutants in generai. In thè further parts of thè chapter we can read about thè metabolism 
of pollutants taking place in thè canopies of vegetation or on thè surface of thè leaves, about 
thè methods of their ineasuring. Some methods are described on detail: wind profile (aero- 
dynainic method, electrical analogue simulation method, canopy pollutant sink properties). 

Chapter 13 Interaction of air pollutants and plant diseases. In this chapter, a detailed 
description is given on thè effect of sulphur dioxide. fluoride, and ozone pollution on thè patho- 
genic fungi, bacteria and viruses as well as on thè arising of diseases and their progress. 

Chapter 14 — Interactions of air pollution and agricultural practices. At thè beginning. 
we can read about thè effects of some cultural practices applied in agriculture (for exainple, 
plant nutritimi, irrigation, resistent crops) on thè destruction of plants or on their sensitivity. 
In thè further parts of thè chapter, thè author deals with pesticides (herbicides, insecticides, 
fungicides). Pesticides as air pollutants have direct effect on agricultural plants; as phyto- 
toxins, for exainple, by being inhibitors in pollination and in reproduction, with their influence 
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on tilt* metabolism of pianta. Besides tliese, mention is made of nitrogenic and phosphorous 
fertilizers as pollutants, which come into thè air mainly in thè course of their production and 
application. 

I think even from tliis short review it has become clear that thè volume is comprehen- 
sive, contains a many-layered material, is concerned with several fields of science and therefore 
provides a very good compilation of thè topic. The authors review and report on several bihli- 
ographical items in thè various chapters, which makes thè hook even more valuahlc. Thus thè 
material of thè well-edited hook may provide great help not only for thè specialists working 
in thè fichi of plant physiology and ecology but also for those working in other areas. as for 
example, town-planning, industry-planning, preservation of thè environment, etc. It may 
become of great use for students of environmental biology, and also for teachers of thè topic. 

Considering its valuable. novel material discusseti on a large scale, I should definitely 
recommend this hook to home ecologists and specialists dealing with thè preservation of thè 
environment. 

L. B. Papi» 


!.. Hodges: Environmental Pollution, 2nd edition. Holt, Binehaht and Winston, 1977 
pp. 496. 

This hook has to he written to fili thè need for a one volume scientific tliscussion of 
environmental pollutants. their nature, their effects on plants, animals and people, thè method, 
hy which they can he avoided. 

Following thè introduction there are fourteen chapters ranging over several subjects, 
all of them introduced hy a quotation, indicating thè earlier problem sphere connected with 
environmental pollution. 

The chapters art* arranged in tilt* following way: 

Popolatimi increase. (Discussing thè speed of population increase and its effects.) 

Air pollution. (Several sorts, their effects, control and how to remove them. A special atten- 
tion to thè prohlemsof sulfur oxides, carbon monoxide, hydrocarbons, nitrogen oxides, 
particulate matter, ozone is paid.) 

Noise. (Discusses thè measuring methods, effects of people, hearing losses, sources of noise 

and thè works of “Noise Control \<t 1972”.) 

Water pollution. (Contains thè municipal, industriai and commercial pollutions and besides 
that, thè treatment methods.) 

Agricultural problems. (We can fimi bere thè problems of oxygen demand (BOI)) and pes- 
ticides.) 

Soliti wastes. (The sorts, amounts and disposai methods of v/astes. Source reduction, resource 
recovery.) 

Pesticides. (Use of Chemical pesticides in recent years. Developing resistance to pesticides. 
Human illnesses.) 

Thermal pollution. (The effects of several sorts of projects, and industriai processes. Cooling.) 
The radiation. (Somatic and genetic effects. advantages and disadvantages of nuclear plants. 
Ionizing radiation.) 

Energy. (Alterations and need of energy. Energy resources.) 

Foods, drugs, and cosmetics. (Legislation.) 

Metal pollution. (Several poisonous metals and their effects on vegetation, animals and human 
beings.) Economie and legai questions. (Reducing thè social cost of pollution and thè control.) 
Environmetal actions. (Works for declarations on thè environment. Environmental groups 
and successes.) 

There are synoptical tahles in thè hook, showing us thè rise of pollution in time, amount 
and space and thè cost of cleaning. These show us thè hazards of thè technologies and their 
effects on thè living world. 

Especially on plants 

sulfur dioxide above 0.03 ppm causes acute leaf injury, 
thè ethylene to inhibit plant growth 
thè nitrogen oxide to reduce growth 
thè fluorides to reduce growth and 

copper causes total degradation (there are no plants around thè mines). 

At thè end of thè chapters there are suinmaries, references, questions and activities. 
The questions can he used excellently for revising thè problem of thè chapter, and hy means 
of this, thè hook assumes thè character of a ma miai. Under thè activities thè author raises 
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new questions and urges thè reader to make observations and alterations in thè environ- 
inent. 

Though this hook does not make many references in relations to Asia. Africa and Austra¬ 
lia, its statements are generai, so it can he used by scientifical workers and engineers to get to 
know thè environmental problems. 

E. Fekete-Szucs 


Williams, W. T. ed.: Pattern Analysis in Agricultural Science. Elsevier Scientific Publishing 
Company. Amsterdam —Oxford New York, pp. 331, 1976. 

The editor writes in thè preface that this hook has been written for agricultural research 
workers but I can recommend it to every botanist who wants to obtain an insight into pattern 
analysis. The term “pattern analysis” is used in a generai sense to cover any technique of 
classification and ordinatimi (this use is now widespread in Australia but not in other coun- 
tries). 

This hook falls into three sections. The authors of thè first two sections are well-known 
representatives of thè Australian taxonomic school. The last section has been written almost 
entirely by agricultural researchers. 

In thè first section we find a brief account of elementary matrix algebra illustrated by 
biological examples. This summarization is indispensable especially for biologist who 
wants to utilize oridination procedures in his work. 

The second section outlines thè theory and present stage of ordination and classification 
methods and explores their relationship to thè conventional statistical methods. Prior to thè 
detailed discussion of numerical techniques thè different attribute types are presented (Chapter 
5.). After this thè most important similarity measures are described. We can also find a simple 
artificial example illustrating how to choose thè suitable measure (Chapter 6.). 

The following three chapters deal with thè ordination procedures. After thè discussion 
of some basic ordination problems we are made acquainted with a geometrical approach to 
a widely used analytical method which is universally known as“principal component analysis” 
(P.C.A.). The computational steps of P.C.A. are demonstrated by an example without however. 
a detailed and, perhaps, exhausting mathematical explanation. Special problems and proper- 
ties of P.C.A. are also discussed. The author gives a review on other ordination procedures 
suggesting thè use of a relatively simple and widely applicable method known as “principal 
co-ordinate analysis”. Factor analysis sensu strido and canonical analysis are dealt with in 
short. Recent developments and future possibilities of ordination methods are finally out- 
lined. 

The other important family of methods i.e. thè classification procedures are discussed 
in five chapters (frmn Chapter 10 to Chapter 14). First thè classificatory strategies are “classi- 
fied” and illustrated by an appropriate dendrogram. After thè generai characterization of 
classification methods thè author gives a detailed description of hierarchical aggloinerative 
strategies. A linear model constructed by thè authors is presented for calculating inter-cluster 
similarity (this model, I think, is well-known from thè literature). The discussion of divisive 
strategies is concise, but perhaps it should have been more detailed sirice divisive methods have 
played a centrai role in numerical taxonomy for years. The next chapter deals with thè problems 
which may arise in thè interpretation of dendrograms. Recent advances and possibilities of 
clustering methods are concluded in Chapter 14. 

Basic computational considerations are outlined in Chapter 15. After this short descrip- 
tions of ten Canberra programs are presented. 

Terminology used in this book is cleared up in Chapter 17. As it is mentioned above. 
thè term pattern analysis implies any ordination and classification methods. The problem of 
objectivity concerning thè pattern recognition is discussed and illustrated by thè comparison 
of two alternative classifications of thè sanie set of data. Relationships between pattern analy¬ 
sis and statistics are examined by distinguishing five situations in which pattern analysis 
may be used alone or combined with statistical procedures. 

The last section of this book contains a set of twentyone cases which demonstrate in an 
excellent way how we can adopt thè pattern analytical methods to solve different problems. 
These examples convince even thè most sceptical biologist of thè efficient properties of ordina¬ 
tion procedures and cluster analyses. The first case reports a numerical taxonomic study of thè 
genus Stylosanthes. Morphological and agronomical data were recorded and analysed by three 
methods. In Case 2. we find a classification of sites where some Stylosanthes species were grown. 
Case 3. contains a classification and two ordinations of Stylosanthes species with respect to 
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clirnatic attributes. In Cases 4 5. agronomie data are analysed by pattern analytirai and 

statistica! inethods. Nutrient responses in Stylosanthes are elucidated by thè help of principal 
coordinate analysis and incrementai suin of squares classification in Case 6. In thè following 
case electrophoretic data of Stylosanthes accessions are analysed using tliree classification 
techniques. The results of subjecting several sets of soil data to P.C.A. and factor analysis 
are presented in Case 8. We find here some examples of ordination of trace elements and soil 
types. Case 9. is a discussion of problems in numerical classification of soil data. Case 10 deals 
with some numerical models constructed for thè analysis of soil profile data. Northern Austra- 
lian chinate types are compared using different methods in Case 11. 

Tropical pasture types are classificd and thè resulting groups are described in Case 12. 
The extent to which thè environmental and floristic attributes have contributed to this classi¬ 
fication has been ascertained. Results of a pattern analytical study of nitrogen mineralization 
potentials of soil are presented in Case 13. Case 14. outlines thè possibility of analysing three 
dimensionai (locus X species X time) vegetatimi data. The classification is not mode on thè 
originai data but on tlieir variances. Sequential effeets of grazing, burning and fertilizing on 
thè botanical composition of a grassland community are also analysed (Case 15.). Ordination 
and classification methods indicated a similar pattern in thè data. Results of thè numerical 
analysis of thè special gilgal vegetation are presented in Case 16. 

Relationships between thè efficiency of utilization of forage oats by sheep and thè quan- 
tity of forage available are investigated by statistical and ordination methods. Case 20. is 
certainly a very interesting example for those taxonomists who deal with grasses. The author 
investigates thè influence of attributes on thè classification of 92 grass genera. 

In thè last case some recently developed multivariate methods are tested and compared. 

All chapters and cases are followed by bibliographies. It is unfortunate, however, that 
some important works are entirely ignored. In spite of this. however, to thè well-edited hook 
will most certainly be welcomed by both agronomists and botanists. 

J. PODANI 


C.A.S. Hall and J. W. Day, Jr. (editors): Ecosystem Modeling in Theory and Practice: An 
Introduction with Case Histories. Wiley and Sons, New York. 1977, pp. 684. 

There is no doubt, new tools are needed for dealing with and solving thè more and more 
urgent ecological problems of mankind. We must clearly foresee thè nearer and further conse- 
quences of our past and present activities, both industriai and socio-economical. But this is 
impossible without a deeper insight into thè “mechanism” and principles of naturai and semi- 
natural ecological systems. 

One of thè most promising “new tools” of ecology is System modeling, its aspect, con- 
ception and methods (especially: computer simulation). 

The past decade of systems ecology brought an accelerated development and extension 
of this field. We have several introductory hooks on it, containing a broad scale of practical 
applications (“case history”) of this new “art”. 

Here again is a bright new hybrid of this kind, from Wiley (Interscience series). 

The two editors’ composition from theoretical aspeets and practical application of ecolog¬ 
ical modeling is well-balanced and gives a profound basis for understanding thè very nature 
and difficulties of model-building process; and at thè sarne time it offers a great variety of 
exciting case studies. 

The hook contains 25 articles from 34 authors. We may find among thè authors many 
well-known experts of ecological modeling (W. S. Overton, C. A. Shoemaker, H. T. Odum. 
R. G. Wiegert, C.A.S. Hall and others). Approximately one third of thè authors and hall 
of thè case studies are engaged with aquatic systems: marine biology and pollution; estuarine. 
river, and spring ecosystems; fishery etc. 

The work is appropriate for graduate students and as a reference hook for teachers 
and scientists too. It is also very uscful as a texthook for an introductory modeling course. 

It is divided into four sections. The first section contains 8 introductory chapters on 
modeling theory and procedures. The reader may find in tliem a concise treatment of basic 
terms, ideas, principles; thè presentation and definition of a unified symbolic notation for 
diagramatic demonstration of conceptual models used consequently throughout thè whole 
volume. This section also contains several approaches and viewpoint on thè main economical, 
energetical, financial, and juridical problems connected with ecological modeling and decision 
making based upon it. 
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Two excellent articles should be mentioned in more detail. W. S. Overton’s chapter 
(A Strategy of Model Construction) is surely one of thè best of thè volume. It is a fundamental 
and very condensed methodological discussion of thè model-building process and thè principal 
ideas directing it. 

C. A. Shoemaker’s article (Mathematical Construction of Ecological Models) deals with 
thè most delicate part of modeling: thè “translation” of structure and relations of a conceptual 
model into thè language of difference equations. It also discusses thè different solution tech- 
niques, including numerical approximations, Monte Carlo simulatimi and optimization methods. 

The next three sections (Chapters 9 — 25.) interpret case histories where models have 
been used to analyse naturai systems, assess environmental impact, and design optiinal, or 
at least better interactions between man and nature. Anyone of thè chapters are an entity 
in tliemselves and they are arranged within each section more or less in order of increasing 
difficulty. 

In many respects this hook is as inuch about models as about ecosystems. Many of 
thè chapters are based on thè results of abundant field work. In most cases thè backup data 
presented here is but a very small part of thè total data base that was used to construct thè 
models. The published sources of thè data used are mostly given in thè bibliographies. 

The second section contains 4 case studies aiined primarily at thè better understanding 
of naturai systeins (mixed decidious forest, salt marsh, lake, thermal spring), especially thè 
cycling of essential elements: N, C, P in aquatic and transitional ecosystems. 

The third section’s six cases are centered on assessing thè significance and role of environ¬ 
mental impacts on naturai systems (particularly on marine, estuarine, and river ecosystems). 
One may find a very exciting chapter on thè modification of biospheric productivity by thè 
industriai activity of man this is also a simulation study, of course. 

The last section coinprises seven chapters. Each of them is a positive contribution thè 
successful practical application of this new “art” in decision making. 

These examples (regional planning and water management, cost benefit analysis of 
a power plant, modeling and controlling of forest fires, pest management in agro-ecosystems, 
etc.) may convince thè most sceptical reader: by thè proper use of conceptions and methods 
of systems ecology, we cari find thè optiinal solution for many environmental problems. It 
cari be added furthermore, that presently we have no other tools equally efficient. 

Finally, it should be mentioned that thè whole volume is well-documented, carefully 
compiled supplied with author and subject index. It is again a high-level presentation both 
in content and presentation from Wiley. 

Z. Szocs 


Elton, C. S.: The ecology of invasions by animals and plants. Science Paperbacks, published 
by Chapman and Hall, London, pp. 181, 51 plates, 51 figs. 1977. 

One of thè most important and interesting problems in ecology is thè behaviour of plant 
and animai populations. Behaviour is meant here in thè widest scuse of thè word including 
balance, changes, history of thè separate and coexisting populations, their interactions, etc. 
This field contains a great nuniber of exciting questions, such as competition, population dyna¬ 
mics, stability of a population under given conditions, colonisation of islands or bare areas, 
thè existence of pioneer populations and/or fiorai and faunal realms, etc. These examples repre- 
sent only a batch of thè set of possible questions. 

It can be stated, that all problems in ecology have to do with populations of this or that 
living organisms. The major part of applied ecology is also connected with thè behaviour of 
populations, e.g. outbreaks of noxious animai or plant species, spread of pests, epidemie 
diseases in which animals or plants play a part, etc. 

From thè great range of these problems thè author deals with thè invasion of animals 
and plants. As he writes, “In this hook I have tried to bring together ideas from three different 
streams of thought with which I have been closely concerned during thè last thirty years or 
so”. These three streams of thought are faunal history, ecology and conservation. 

We can say with a clear conscience, he managed to accomplish this difficult task in his 
hook excellently. The hook provides us with serious scientific material and food for thought. 
The staternents and conclusions in it are supported by numerous examples. The distribution 
of thè species is illustrated by maps, thè species tliemselves by photographs and drawings. 
The book is written in a brilliant flowing style and may be regarded as a fundamental one 
in “classic” ecology. This proved by thè five reprints of thè first edition of 1958. 
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The* volume consista of nine chapters, a reference list (containing nearly 300 items) 
as well as an index. 

In Chapter 1 (“The invàderà”) we can find histories of species hrought from one country 
into another and exploded in thè new environment. One of thè examples is thè dispersimi of thè 
so-called chesnut hlight, a lethal disease caused hy a fungus Endothia parasitica. It was hrought 
from Asia to thè eastern United States in 1911. This fungus has a naturai host Gustativa 
mollissima) in Asia, where it does not barin this chesnut. But thè eastern American species, 
C. dentata was killed hy it. 

Another example is thè case of thè European starling ( Sturnus vulgaris) and thè North 
American muskrat ( Ondatra zibethica). The former was hrought from Europe to thè United 
States, thè latter vice versa, ahout thè beginning of thè century and both exploded quickly 
in thè new environment. In zoogeographical ternis a purely Palaearctic species (thè starling) 
and a purely Nearctic species (thè muskrat) have hecome Holarctic within half a century. 

The story of Spartina toivnsendii is very interesting, as well. It is a naturai hybrid 
between thè Palaearctic S. maritima and thè Nearctic S. alternifolia. The latter was introduced 
in to England. The hybrid has also been planted in several places of thè world, so it has hecome 
almost cosmopolitan by human activity. 

The second Chapter is entitled “Wallace’s Realms: thè Archipelago of Continents”. 
To understand thè recent ecologieal balances in thè world, it is necessary to study thè past, 
too. In this chapter we get a short, but precise summary and pictures of thè Wallace’s Realms 
with their history. 

In thè next chapter (“The Invasimi of Continents”) thè author writes ahout thè inva- 
sion of thè continents hy plants and animals. In thè last ISO years more and more species 
have spread from their naturai “hoines” to “new hoines”. This spreading was invasion-like 
in most cases. The invasions, as a result of accidental or deliberate introductions, most often 
carne to lands cultivated or modified by human practice. Only to thè United States nearly 
200,000 species and varieties of plants have been introduced from all over thè world in a rela¬ 
tive short time, mostly for crops, garden ornament and forestry. If thè species invading a land 
is a noxious one and explodes rapidly causing heavy damage, thè way to eradicate it is to 
introduce its naturai enemy from thè native land. But this ineans thè introduction of further 
species. 

These processes tend to mix and make thè six Continental realms uniform, as thè disper¬ 
simi of wild species will he limited rather hy their genetic characteristics and adaptahility 
than hy thè “traditional” mechanical harriers, like mountains, seas, etc. 

A great many examples of thè above mentioned and other similar processes are discussed 
in this chapter, with illustrations. 

Chapter 4 is devoted to “The Fate of Remote Islands”. There are nuinerous simili re¬ 
mote islands on thè Globe, being far from thè evolutionary centres of thè continents. In thè 
past very few, mostly accidental immigrants reached them. The appearance of man on these 
islands. and thè increase in sea transport made thè process of dispersimi and immigration much 
easier and faster. The invaders may suppress and suhstitute thè endemie species, as it is shown 
hy a lot of examples. 

“Changes in thè Sea” is thè topic of thè fiftli Chapter. In thè case of seas changes in 
thè distrihution of species are stili not of thè sanie magnitude as in that of thè land and fresh- 
w aters. But it does not inean that seas can he intact of these changes. Three kinds are of great 
importance: thè digging of canals (sudi as Panama or Suez Canal); accidental transport on 
ships (thè mat of sessile algae and animals grown on thè bottoni of thè ships with mobile forms 
in it): and deliberate introductions (with several human goals, like fishery. etc.). These processes 
are supported with thè recitals of several. known cases. 

Chapter 6 is dealing w ith thè prohlem “The Balance between Populations”. If an invader 
Comes to a new habitat it rarely meets optimal conditions for spreading. The new habitat has 
its own flora and fauna adapted well to their “home”, utilising thè possibilities given by this 
“houle” to a greater or lesser extent. If there are unutilised possibilities, thè invader may he 
successful. that is, if there are free niches which can he occupied. In this case penetratimi may 
take place without any noticeable disturbarne or without extinction of thè native species. To 
penetrate a well organized complex community is more difficult, than a simpler one. This is 
thè explanation of thè fact, why explosion of an invader occurs more frequently in cultivated 
or man-rnodified areas. Penetration may often he unsuccessful. The originai community has 
a certain ecologieal resistance , thè more stallie thè community is, thè more stronger this resist- 
ance is. For a better understanding of these phenomena we must study thè prohlem of compe- 
tition between populations, since it seems to be thè key of these processes. 

Some questions of food-webs are discussed in Chapter 7 (“New Food-chains for Old”). 
The energy flows through a very complex network in thè living world. This network consists 
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of a lot of thè so-called food-chains of different length and coupled in various ways. But human 
demands often shorten these chains, to reduce their number or thè number of their members, 
or to substitute some of thè members. Sometimes thè deinand is to lengthen thè chain or to 
introduce a side-chain. We need plants without “other” herhivorous concurrents except us. 
and plants with a higher production than thè native ones. These are thè cases of shortening 
and changing thè food-chain. Such profundal change is thè replacing of thè native grazing 
animals by domestic ones, e.g. in Australia thè kangaroo by shcep, or thè eradication of thè 
bisons in North America. In contrast to these thè limitation or eradication of a noxious invader 
need thè introduction of its native counterpest or predator, that is, to lengthen thè chain. 
This has also thè advantage that there is selection which cannot he stated in thè case of thè 
cheinical means. 

In thè last two chapters thè author deals with thè very important problem of conserva- 
tion ( 4t The Reason for Conservation” and “The Conservation of Variety”, Chapter 8 and 
Chapter 9 respectively). Human activity has increased to an enormous degree and with enor- 
mous speed in thè last 150 years. It has led to considerale changes in thè world of living orga- 
nisms. The dispersion of plants and animals has been strongly modified. thousands and thous- 
ands of species have become extinct completely within this period. The reader may find good 
enough examples of these processes in thè previous chapters. But man is also part of thè living 
world , is tied to nature and it is irnpossible to live without it. This fact must not be neglected and 
cannot be emphasized enough. 

The reasons and some possibilities of conservation of variety in thè living world are 
discussed in thè last two chapters. We are obliged to maintain and preserve this variety for 
posterity to enjoy and to make use of it. As thè author writes: “. . . And although there is a 
Law of thè Conservation of Matter, there is no Law of thè Conservation of Species.”, and 
“. . . looking for some wise principle of co-existence between man and nature, even if it has 
to be a modified kinei of man and a modified kind of nature. This is what I understand by 
Conservation .” These words were very true at thè time of thè first edition in 1958, too, and are 
of much greater truth in reccnt days considering that thè processes of pollution have taken 
place all over thè world since 1958. 

J. N. Nosek 


Fatten, B. C. (ed.) (1975, 1976): Systems analysis and simulation in ecology Vols III. IV. 
Academic Press. New York 601 pp, 593 pp 

The generai characteristics of thè volumes (construction, arrangement, references, etc.) 
are identical with that of thè first two, so for lack of space they will not be repeated. They 
are to be found in thè first part of thè review of thè first two volumes (see preceding review, 
in Acta Botanica 23 (3 -4)). 

These two volumes contain thè matter of a symposium “Modeling and Analysis of 
Ecosystems” held during March 1—3, 1973 at thè University of Georgia. They are not “Pro- 
ceedings” in thè usuai sense. They contain additional chapters on topics not held at thè con- 
ference, and others were revised. 


Volume III. 

It consists of two sections (Part I. “Ecosystein Modeling in thè U.S. International Bio- 
logical Program”: Part II. “Models of Freshwatcr-Estuarine Ecosystems”) containing 7 and 
5 chapters, respectively. 

Part I. 

Chapter 1 an introduction to Biome Modeling. The author gives a review on thè 
historical development of U.S. I.B.P. 

Chapter 2 is deals with thè Grassland Biome study. It reviews thè succession of thè 
models until thè most appropriate — thè ELM — a total System model was developed, includ- 
ing thè developing of a suitable language (SIMCOMP). It is followed by thè discussion of some 
specific philosophical problems which emerged during thè model building (e.g. thè problem 
of linearity — non-linearity, determinism its alternates, languages — communication, etc.). 
The ELM model has five main compartments: abiotic, nutrients, producers, consumer» and 
decomposers. The abiotic subinodel concerns flow of water and heat: thè nutrient one treats 
phosphorus and nitrogen dynamics. The producer submodel represents biomass dynamics of 
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five plant categories: warm season grasses, cold season grasses, forbs, shrubs and cacti. The 
flows between and within thè three biotic compartments are governed by thè abiotic sector 
(heat, water) and influenced by nitrogen and phosphorus. Attention to phenology is a signifi- 
cant feature of this model. The consumer submodel is limited to one animai, thè cow ( tìos 
taiirus) in thè originai ELM model. A model of grasshopper dynamics and bioenergetics has 
also been developed, and will he incorporated into thè ELM structure. The decomposer section 
is partitioned into several vertical soil layers, each of them subdivided into a hard and a soft 
component. The two components differ from each other in thè speed of decomposition. The 
model is seen to he successful in solving thè problems raised at thè beginning of thè study. 
The modeling efforts directed attention to many unknown aspects of grassland ecology. 
Further work on ELM is intended to extend its validity to other types of grasslands than thè 
short grass praire. 

Chapter 3 describes progress in ecosystem modeling in thè Eastern Deciduous Foresi 
Biome. It presents an overview of thè scope and direction of modeling projects within thè 
Biome program. This scope is documented by a tabulation of 71 models completed, in progress 
or soon to he initiated. The author touches on a lot of questions, e.g. program management, 
program objectives, model integration, progress modeling, thè progress compared to expecta- 
tions, thè interaction of modeling and field research, how this modifies thè ecologists’ approach 
to science, etc. Methods of ecosystem analysis by thè examination of ecosystem models is 
seen to he one of thè most fertile areas for future System research. 

In Chapter 4 thè author refers to approaches to modeling in thè Desert Biome. He empha- 
sizes thè role of prediction. The aim of this modeling also was, to develop techniques for pre- 
dicting changes in arid land ecosystems. He views ecosystem dynamics as a succession of 
transients, nothing resembling a steady state every being attained. The emphasis on prediction 
is not oidy thè one modeling objective possible, but it is thè one emphasized here. 

Chapter 5 contains thè development of ecosystem modeling in thè Tundra Biome 
program with thè aim of making prediction and to understand thè tundra as an ecosystem. 
First thè investigations were focused on thè wet Coastal tundra of thè Arctic North Slope, 
near Barrow. They brought basic environmental knowledge on thè specific problems of eco¬ 
systems having thè cold as thè most important regulating factor. The Barrow r ecosystem is 
seen as a simple one with about 100 species of vascular plants, thè lemming as thè only major 
herbivore and fewer than ten predators. Later on thè research was expanded to a geographi- 
cally wider base, and broader models were constructed. Terrestrial and aquatic models were 
developed. They are constructed to accept mechanistic models at different levels of refinement. 
Low species diversity and ecosystem simplicity made it possible to consider individuai species 
in many cases. 

In Chapter 6 thè author describes thè work of developing a whole System model for 
thè Coniferous Forest Biome. First he deals with thè basic problems of model building theo- 
retically. He suggests in ecosystem modeling it is not sufficient to model parts and such models 
cannot he coupled to a model of thè whole. Each System and subsystem would he considered 
as a holon (“holon” does mean after Koestler (1967) “a potential subsystem of a greater 
System, and simultaneouslv a coupled collection of lesser subsystems”). The holism is what 
is to be captured, and thè holistic properties are not apparent from study of thè parts. 
He emphasizes that thè mechanistic models are not appropriate in modeling large ecosystems. 
He suggests that eacli System should be conceptualized and modeled both holistically and 
mechanistically. A clear distinction is essential between modeling and programming. The 
chapter also contains some operational aspects of modeling in thè Coniferous Biome. 

Chapter 7 contains a criticai evaluation of thè U.S. I.B.P. Biome modeling program, 
touching upon thè major problems hriefly. 

Part II. 

The chapters of Part II. deal with models of aquatic ecosystems. with freshwater- 
estuarine ones. 

Chapter 8 presents models of thè algal-fly component of a simple ecosystem in thermal 
effluente at Yellowstone. Five models are examined. Three of them havc identica! trophic 
structure representing thè maximal complexity needed for realistic simulation —, thè other 
two have progressively simplified trophic structure. The filamentous hlue-green algae grow r 
in thè effluents. The growth of thè algal mat disturba thè originai laminar water flow, so 
various sites are produced different both in drift speed and temperature. So thè occurrence 
of thè brine-fly is also mosaic-like. The adult flies, eggs and larvai instars are parasitized by 
several animals, and have a lot of predators. The centrai problem of thè model is thè energy flow. 

Chapter 9 describes ecosystem modeling applied to snudi woodland streams. First thè 
generai ecology of a woodland stream is described followed by thè System model. The author 
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emphasizes thè importance of developing experimental and theoretical approaches side by 
side. The model was refined by iterative interactions between System scientists and stream 
ecologists. 

Chapter 10 contains thè work of 41 authors, who constructed a total ecosystem model 
for a small cove in Lake Texoma, Texas-Oklahoma. The model is essentially linear. It has 
five submodels: primary producers, zooplankton, benthic invertebrates, vertebrates and 
decomposers. Several morphometric and abiotic factors are also included (e.g. substrate, 
temperature, solar radiation, wind and currents, rain, water level, nitrogen, phosphorus, 
dissolved carbondioxid, etc.). The effects of small perturbations through simulation, such as 
thermal pollution, eutrophication, etc. were examined here. 

In Chapter 11 thè authors describe a preliminary phytoplankton-zooplankton-nutrient 
model. Their reason for constructing thè model is applied: to aid in understanding, manage¬ 
ment and control of eutrophication. 

The final (Chapter 12) is about an example of water resources modeling. The basis of 
water resources management is to know thè aquatic ecosystem. The Law of Mass Conservation 
and thè Kinetic Principle are thè two principles underlying model construction. The ecosystem 
is defined by masses of phyto-, zoo plankton, fish, benthos, detritus, and measures of water 
quality constituents, such as temperature, BOD, dissolved oxygen and nutrients. These masses 
are defined or determined for all thè hydraulic elements. The ecology in thè model is not as 
comprehensive as in e.g. thè Lake Texoma cove model (Ch. 10), but a combination of thè two 
approaches (that is thè ecological and hydraulical ones). There are two versions of thè model, 
a lacustrine one and an estuarine one applied to Lake Washing tori andto San Francisco Bay 
Delta, respectively. 


Volume IV. 

It contains 17 chapters divided into five sections. 

Part I. 

The first part consists of three chapters dealing with thè models of estuarine-marine 
ecosystems, so it is closely connected with Part IL in Voi. III. 

The first chapter presents a model of thè Delaware Estuary. This model is a part of thè 
regional management model of thè lower Delaware Valley. 

In thè second chapter thè author investigates thè nitrogen and phosphorus productivity 
of thè Perù upwelling ecosystem. C/N ratios predicted by thè model corresponded to thè 
observed values well, so it could be suggested that thè ecosystem investigated (within 40 km 
of thè coast) may be regulated by silicate and phytoplankton intrinsic growth rates. 

Chapter 3 is a simulation of thè flow of biologically limiting nutrients through marine 
trophic levels over thè Continental shelf of West Florida. The weakness of thè model is due 
to thè extreme abstraction and/or negligences. 

Part IL 

It also contains three chapters, which deal with terrestrial ecosyste ms. 

Chapter 4 presents a model of mangrove ecosystems in South Florida. It concerns thè 
role of mangrove, thè effects of mangrove on nutrients in water, on detritus export and accu¬ 
mulatoli and vice-versa, as well as thè effect of tidal flushing. 

In Chapter 5 thè author studies thè effects of perturbations on forests manifest in thè 
growth of individuai trees. The basis was thè forest simulation model. JABOWA developed 
earlier. Perturbatoli was investigated at equilibrium, approaching equilibrimi! and at thè 
beginning of thè secondary succession. Perturbations that reduce tree growth, tend lo favour 
shade-intolerant species, while others that increase tree growth. tend to favour shade-toler- 
ant species. 

Chapter 6 describes a model of thè Liriodendron tulipifera dominated forest ecosystem. 
The physiological mechanism responsible for production, distribution and decomposition ol 
organic matter was investigated. The behavior of thè model was studied under a variety of 
quiescent and disturbed conditions. 

Part III. 

The three chapters of this scction are devoted to *'human ecosystems”, to modeling 
3 cosystems with man in thè focus. 

Chapter 7 deals with thè problemi, how industrialized man relates to naturai environ- 
ment. Problems of technological planning and regional economie development are presented 
in a cybernetic perspective to identify States to be avoided and means of avoiding them. 


Acta Botanica Academiae Scientiarum Hungaricae 24, 1978 


RECENSIONES 


233 


Chapter 8 is an essay on thè world modcls “World Dynamics” and “The Liniits to 
Growth”, thè projects of thè Club of Home. 

In thè last chapter of this section (Chapter 9) thè author outlines thè so-called “macros- 
copic-minimodels”, models that are maeroscopic in viewpoint, but minidimensional in coni- 
plexity. A number of various analog computer simulated models are described for illustra- 
tion, such as money-energy, producer-comsumer symbiosis and competition, recycling and 
mining, power titration with war, order and disorder, regional development optima, successimi 
with declining energy reserves, etc. 

Pari IV. 

It deals with thè special problems in ecosystem modeling containing three chapters. 
Three basic problems are examined. They are linearity versus non-linearity, aggregatimi and 
validation (in Chapter 10, 11 and 12, respectively). 

Part V. 

The final section contains five chapters concerned with theoretical aspects of ecosystems. 

Chapter 13 treats thè applicability of engineering System analysis procedure to eco¬ 
system studies.Time domain, frequency response, stability and sensitivity analysis are examined. 

In Chapter 14 thè adaptability of optimal control theory for problems of ecosystem 
regulation is discussed. A method is presented for controlling large systems with a relatively 
small number of parameters or inputs. 

In Chapter 15 thè sensitivity analysis introduced in Chapter 13 is further elaborated. Sen¬ 
sitivity is thè difference in behaviour between a perturbated and unperturbated system. 
Relationship of sensitivity to thè concept of stability is also investigated. 

Chapter 16 concerns patterns of biological control in ecosystems. Control mechanisms 
are manifested at different levels of organization. The different control patterns within popula- 
tions interlock with eaeh other and with control processcs at higher levels to regulate thè 
ecosystem as a whole. 

The final chapter (Chapter 17) presents a causai model of thè organism-environment 
relation. The causai bond (cause-effect) is modeled as un abstract input-output object called 
a holon (thè term “holon” does not inean thè sanie here, as in thè Ch. 6 in Voi. III.). The input 
and output are recognized as a distinct object called creanon and genon respectively. Each 
defines a unique, a specific environment. The genon has a generative and productive role in 
transforming cause into effects. The creanon serves a creative or selective function in defining 
object-environment consistency and coinpatibility. These two aspects of thè holon are investi¬ 
gated from thè point of view of causai determinism, causai bond and causai sequences. The 
study is illustrated by a lot of examples of small ecosystem models. 

As it was pointed out in thè introductory lines (see in preceding review), thè four volumes 
contain a lot of studies different in themcs, stage of development, theoretical fundamentals, 
difficulty, etc. The volumes give an excellent and comprehensive cross section of thè current 
scope and state of system ecology. So they are very useful for ecologists, botanists, zoologists, 
system scientists and for everybody, who is interested in this topic. 

J. N. Nosek 
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ACTA BOTANICA 


TOM 24 Bbin. 1-2 


HAJIHMHE BOflbI H 3ACVXOVCT()PÌMHBOCTb BH^OB SESELI LEUCOSPEKMUM 
H S. OSSEUM B TOPHCTOR MECTHOCTH EAJIATOHA 
Jl. AJ1MAXIM 

y oiiACMiiMCCKoro BHAa Seseli leucospermum (Apiaceae) cydjieTaJibuafl iicxHaTKa boai>i 
KOJieóajiacb mokay 60— 68 %. 

riyTb aKTyajibHOH HexBaTKH boai>i y otopo bhaa yKa3biBaeT Ha to, mto b CAyMae yAOBAe- 
TBopiITCJIbHOPO CHa 6 >KeHHH BOAOH 3HaHCHII>I AC^lIC IITa BOAbI OCTaiOTCH MOKAy 3 12%. B CAyMae 

BbicbixaHHH noHBbi oueHKa AetJ>MHHTa BOAbi Oojiee BbicoKan. 

Bua omciii» iihtchciibho TpacnnpnpyeT. B CAynae xopomero ciiaó>KeHiiH boaoìi mo>kho 
naóAiOAaTb AbyxBepxymeMHyio OKCAHeBuyio TpaHcimpaumo. B cyxoe Bpe.MH roAa Tpaiicnnpa- 
UHH yMeHbiuacTCH (npeACJibHaH oueHKa 4,4%). 

y BHAa Seseli osseum cyÓACTaAbHblH Ae^HUHT BOAbi HaxOAHTCH b iipeAeJiax 72- 77% Il OH 
HBAHCTCH 3acyX0yCT0ftHHBbIM BHAOM. PoAOBblC II OKCAHeBlibie nyTH aKTyaAbHOÌÌ HeXBaTKH BOAbi 
3Toro BHAa noi<a3biBaioT, mto no KOAimecTBeiiHbiM oneHKaM oh BcerAa npeBocxoAHT iipeAbiAy- 
mnn bua, npoH3pacTaioiniHi b hoxo>khx ycAOBiwx. Namibie koacOaiotch mokay 10—50%, 
b KOTopbix BbicuiHe oneiiKii B03HiiKai0T b pe3yAbTaTe 3acyxii. * 

Bua hhtchchbho TpancniipiipyeT. B CAyMae xopomero CHaoweHim boaoh OHCAHCBiibin 
xoa TpaHcmipauHH ocTaeToi óojiee mah Mence b cooTHomeHHH c SBanopanneH. Ha Bbicbixaiomeiì 
iiombc, b CAyMae nAOxoro ciiaowetntH boaoh TpancmipaniiH MeAbMaeT. 3 tot bua cnocoOeH uà 
3(t)(J)ei<TiiBHoe cmi>KeHiie Tpancniipauini. 

KCHJIOTOMHMECKHE MCCJIE^OBAHHH HEKOTOPblX £PEBECHbIX BM^OB 

KyEbI 1 

K. BABOUI H A. BOPXHAH 

CrarbA hbahctch npoAOAwenneM pafioTbi «KcHAOTCMiiHCCKiie HCCAeAOBaHHH ky6hhckhx 
HOpOA ApCBCCHHbl '>, HaMaTOH B 1976 rOAy. B AaHHOft pa 60 TC aBTOpbl 3H3K0MHT C Ba>KHCHmHMH 
aHaTOMHMecKHMH H0Ka3aTeAHMH KCHAa BocbMii KydiiHCKHX nopoA ApeBCCHHbi.: Garryafadyenii 
Hook. (Copnaceae), Catalpa punctata Griscb. ( Bignoiaceae), Tabebuia lepidota (HBk.) Britt 
(Bignoniaceae ), Pera bumeliaefolia Griseb. (Euphorbiaceae ), Trichilia hirta L. (Meliaceae), 
Guarea Guidonia (L.) Sleuiner (Meliaceae), Cupania glabra Sw. (Sapindaceae ), Calophyllum 
aritillanum Britt. (Clusiaceae) 

SKOJlOrHMECKHfi OAKTOP nPHCnOCOBJlEHHOCTb HA OCHOBE 
H3VMEHHH B3AHMOCBH3H nPO^yKUHH CTEPOH^HOrO AJIKAJIOM^A y ^BVX 

BMXIOB 

Solanum laciniatum Ait. H Solanum dulcamara L 
H. BEPHAT, P. TETEHbM 

ABTOpbl C H0B0H TOMKH 3pCHIIA OCBClUaiOT BOnpOCbl HO 06 pa 30 BaHHK) Il HaKOnJICHHK) 
BTOplIMHblX IipOAyKTOB n 6 MCHa BCIHCCTB, Ha npOTHWCHHH ACOITH ACT, B (|)HT()Tpoiie, BCrCTATIIB- 
HOM COCyAC, Ha MHKpOACAHHKaX II Ha MaACHbKHX ACAHHKaX. ABTOpbl A0K33blBBIOT, MTO B CAy- 


Mae roMOJiorHHecKoro o6pa30BaHHH noAo6Horo btophmhopo npo/jyiora (b AaHHOM cjiywae CTepo- 
hahopo ajiKajionAa) Hy>KHO o6pamaTb BHHMamie Ha 3KOJioriiMecKyio npiicnocoóJieHHOCTb 
nccjie;;oBaHHoro BHAa, a Taione ny>KHO oueHHBaTb n3MeHCHHH KOMnjieKCHO, nocjieAOBaTejibHo 
cjieAfl 3a pocTOMpa3BHTneM. M3MCHeHne o6iuefi npoAyKUHH ajiKajiOHAOB M(»KeT np0H30HTH 
He3aBHCHM0 ot BHAa, HenocpeACTBeHHO Mepe3 H3MeHeHne ypoBHH-areHTa opraHOB, a TaKHce c 
H3MeHeHHCM npOAyKTHBHOrO OTHOUieHHH ypOBHCH areHTOB H C BJlHAHHeM o6mefi npOAyKHHH 
cyxoro BemecTBa (n b cjiyManx coothoiuchiih opraHOB h Hen3MeHeHHoro oTMacTH ypoBHH areH- 
Ta). BojibuiHe pa3JiHMHH b npoAyKUHH ajiKOJionAOB noKa3biBaeT Mop(|)()- (JjeHOJiorHMecKH MCHee 
npHCnOCOGjieHHblH xeJIHO(})HTHbIH BHA s. laciniatum. TaK B OTJIHMHH OT yÓHKBeHTHOPO BHAa 
S. dulcamara oópaaoBaHue arjiHKOHa (cojiacoAHHa) y 3Toro BHAa b 33bhchmocth ot hhtchchb- 
hocth CBeTa noKa3biBaiOT pa3JiHMHH b 10—12 pa3, a b 33bhchmocth ot TCMnepaTypbi B03Ayxa 
BOAw, noMTbi h CHa6>KeHHH nuTaTejibHbiMH npoAyKTaMH noKa3biBaeT 50—100% pa3JiHMne. Co- 
OTBCTCTBeHHO 3T0My, BMCCTO 3K0JI0PHMCCK0P0 (})aKTOpa — BJlHHHHe aJIKOJlOHAHOH npOAyKHHH — 
uejiecoo6pa3Ho roBopHTb o SKOJiorHMecKOM (J)aKTope-THiie ajiKajionAa h BHAa, a TaK>Ke obabuch- 
meìi ot 3KoTuna nepBHMHOH peaKUHH. 


UEJU1YJ1APHOE CTPOEHHE KJlETOMHOfi OBOJIOMKH TAMETOOllTA 
MARCHANTIA POLYMORPHA L. 

JI. OPMXIBAJICKMR, M. ^EMETEP-CMJlAXlbM 

ABTOpbl H3yM3JlH CTpOCHHC UCJUiyjia3H0H KJieTOMHOH OÓOJIOMKH KJ 1 CTOK napeHXHMbl, 60 - 
raTOH XAoponjiacTaMH a TaK>Ke napeHXHMbl c ypjiOBaTbiMH KJieTKaMH y kojiohhh raMeToiJniTa 
Marchantia polymorpha L. Me>KAy 3THMH THnaMH KJieTOK PJiaBHOe OTJlHMHe npoflBJiHJioCb B 
(})opMe, BejiHHHHe a T3K>ne b cyó- hjih cbctobom MHKpocKonHMecKOM CTpoeHHH uejiJiyjiaaHoro 
0CT0B3 HX KJieTOMHOH 060 JI 0 MKH. M3 3T0r0 MO>KHO CAeJiaTb BbIBOA, MTO HX (})yHKHHH TO>Ke pa3JIH- 
M3I0TCH H 3T0 3 H 3 MHT MTO HX ())H3H0JI0PHMeCK0e pa3JIHMHC OTpa>KaCTCH B OCOÓeHHOCTH CTpOCHHH 
KJieTOMHOH oóojiomkh. B 6 oraTOH xjioponjiacnraMH napeHXHMe, BHyTpn tcx >Ke caMbix kjictok, 
aBTOpbl BblHBHJlH AB3 pa3JIHMHbIX CTpoeHHH 06 OJIOMKH, 3T0 0603HaMaeT, MTO OÓOJIOMKH 3THX KJie¬ 
TOK AH(J)(J)epeHUHpOBaJIHCb COOTBeTCTBeHHO HX (fiyiIKUHflM. 3HaMHTeJIbH0C pa3JIHMHe OÓOJIOMeK 
yi JioBaTbix kjictok napeHXHMbl npoHBJineTCH b hx MecTonojioKeHiin b kojiohhh. KaK h kjictkh 
napeHXHMi»i óoraTOH xjioponjiacTaMH, TaK h yi'AOBaTbie kjictkh napeHXHMbl aocthpjih b pa3BH- 
toìi CT3AHH hx xapaKTepHbix pa3MepoB, CMHTan ot pacTymeii BepxymKii kojiohhh Ha pacTOHHHii 
BHyTpH 3000 MHKpOMeTpOB. 

06pa30B3HHC xapaKTepHoro yTOJimeHHH (JiopMbi yrAOBaTbix kjictok napeHXHMbl yAajiocb 
33MeTHTb BHyTpH paCCTOHHHH 600 MHKpOMCTpOB OT BepxyiIIKH, KOrAa AJIHH3 p33BHTbIX KJieTOK 
AOCTHrjia TOJibKO oahoh TpeTH. 3 t 3 (JiopMa y>Ke npoHBiiJiacb Ha paccTOAHim 1300 MHKpOMeTpOB, 
t. e. eme ao nojiHoro pa3BHTHH BejiHMHHbi kactok. Y oóohx TunoB kjictok MHKpoijniópHJiJibi 
HeKOTopbix KJieTOMHbix oóojiomck pacnojiopajincb nepneHAHKyjiHpHO no nanpHBJieHHK) pocTa 

AJIHHbl KOJIOHHH. 


cnopoMOPObi AHroJibi ha bypokamehhom yrjiE 

M. KEJABEI1I, n. LHMMOHMMM 

AiiTopbi, npoH3BOAH najiHHOjiorHMecKyio o6pa6oTKy oópa3uoB yran, coópaHiibix b 
AHrojie, b AOJiHHe peKH Lungue Bungo, HauiJiH 36 cnopoMop(|)OB. Onucaiibi KaK hobmc Angolae- 
pollenites umbelliferoides n. fgen. et. n. fsp., Cyperaceaepollis angolaensis n. fsp. H Cyperace- 
aepollis africanus n. fsp. 

ripn onHcaHHH cnopOMop4>oB aBTopbi npoii3BejiH 2 fsp. uccjieAOBaHiiH npii noMomn C3M. 
Ha 0CH0B3HHH cnopoMoptjiOB ono3HajiH 22 peueHTHbix TaKCOHa h h3 3thx Morjin onpeACJiHTb 14 
ao ceMefìcTBa, 2 ao noAceMeìiCTBa, 3 ao poAa h 3 ao bhaa. 

Bojioto b KOTopoM o6pa30BajiCH yrojib GbiJio Cyperus papyrus. CiOAa nonajia nbiJibua 
H3 TpaBHHOìi caBaHHbi, KOTOpan 6biJia óopaTa Composita e, 113 oKpy>KaeiAepo Jieca h 6ojioTHoro 
KapjniKOPo pacTeHHH, npoH3pacTaioinepo Ha CKajiHCToii noMBe, a t3k>kc H3 AajibHero Acca Podo- 
carpus. 

Ha 3Toh TeppiiTopim bo BpeMH o6pa30BaHHH yroJibHOPO 6oaoTa bo3mo>kho BbinaAaao 
óojibme ochakob, mcm b HacTonmee BpeMH. BpeMH eè nponcxo>KAeHHH aBTopbi othocht Ha ppa- 
Hiiuy Bbicuiero tercier-kvarter HAH HH>KHepo kvarter. 


BJIHHHHE OEPAEOTKH XOJlOflOM HA H303HMEI MyK-OKCMflA3bI B 
PA3JlHHHbIX M0P030yCT0PÌMHBbIX COPTAX 03HM0PÌ nLUEHMUbl 

H. KOBAM, O. «DEflEP, M. AEBAM 

ABTOpbl II3yMaJIII CBH3b MC>KAy HHTeHCHBHOCTblO poCTa II M0p030-yCT0ttMHB0CTbK) y 
pa3JHIMHbIX M0p030yCT0ÌÌMHBbIX COpTOB miiCHHUbl. Ha OCHOBe IIOJiyMCHHblX AaHHblX aBTOpbl 
npimiJin K BbIBOAy, MTO Me>KAy HHTeHCHBHOCTblO poCTa II M0p030yCT0HMHB0CTbK) pa3JIHMHblX 
COpTOB M0p030yCT0ftMHBbIX riIlICHIIH CymeCTByCT TCCH3H HeraTHBHaB KOppeJIHIUlM. 3tot BblBOA 
noATBep>KAaeT to, mto npHHHMaioman yMacTiie b pcryjiHiumpocTa 0KCHAa3a HHAOA-TpnyKcycHofi 
KHCAOTbi ai<THBHo B03pacTaeT npn HM3K0H TCMiiepaType a TaioKC noA bahhhhcm xoAOAa npo- 
IICXOAIIT CI1HTC3 CH3IIM0B «de UOVO». PC3yjIbTaTbI II0Ka3bIBai0T, TO MTO CHCTCMa 0KCHAa3bI HV’K 
cnocoÓHa Ha Te.MnepaTypnyio aAariTaumo Mopo3oycTOHMHBi>ix copTOB miiemmbi. MexaHH3M 
aAaiiTaium CBH3aH c KOMnAeKCHbiMH nponecca/vui h TpefiyeT AaAbHenuiHx HccACAOBamin. 

AKKyMyjlflUMfl-3JlEMEHT()B EAJlATOHCKOmTPOCTHHKA 
(PHRAGMITES COMMUNIS) 

M. KOBAM, Li. nPEMEHbH, fl. I10AAHH 

B ripn6pe>KH()H 3 ohc EajiaTOHa aBTOpbl hccacaobbah koahmcctbo nojiHOJieMCHTOB 
(N, P, Ca, K, Mg, Na, Fe) h OAnro3AeMCHTOB (Mn, Zn, Sr, Cu, Ph) y TpocTHHKa b ctc(ìjihx, 
AHCTbflX, pH30MaX, KOpHBX H KOpHCBblX BOJIOCKaX (BKAK)M3H TaK>KC BOAOCHCTblC AOHOAHHTCAb- 
iibie KOpHH). Ha ocHOBaHHH riponenTOB cyxoro MaTepuajia cpeAH uccACAOBaiiHbix wacTefi 
HOAH3J1CMeHTbI HaKariAHBaiOTCfl B AHCTbflX H B BOAOCKaX KOpHCÌi) BKAK)M3H AOnOAHHTCAbHbie 
KOpHH) B yMCHblIiaiOIHCMCH KOJIHMCCTBCHHOM IIOpHAKC: KOpCHb pH30Ma H CTCfiCAb, B CAyM3C 
OAHP03ACMCHTOB HOpHAOK CACAyiOlBHH! KOpHCBblC BOAOCKH (AOnOAHHTCAbHblC KOpHIl), KOpHH, 
AHCTbH H B KOHUe pH30Ma H CTCfiCAb. PH30Ma H CTC6CAb TpOCTHHKa, BCpHCC KOpHH H BOJIOCKH 
KOpHCH B IIOXOHCCM KOAHMCCTBC H npOnOpUHH COACp>KaT HBKOnJlCHHbie 3ACMCHTbl. 

JlHCT- npHHHMafl BO BHHM3HHC a6C0AK)TH()C KOAHMCCTBO MaTepuaAa-OTAHMaeTCH OT Apyi'HX 
opranoB b GoAbiuoH ctchchh, a npHHHMan bo BHHMaHue nponopumi, b nepByio OMepeAb hoxo>k 

Ha CTC6CAb. 


M3yMEHHE AOPHKAHCKHX CALYMPERACEAE II 

UJ. OPEAH 

Abtop AaeT omicanne II pacnpoCTpaHCHlie HOBOPO BUAa Syrrhopodon usambaricus 
Broth. ex Orbàn. ABTop omicbiBacT MCCTOHaxo>KACHnc S. brevivaginans Demar. et Leroy h S. 
linealis I)ix. et Thér. B BoctomhoÌ'i A(|)pilKC, a TaiOKC MCCTOHaxo>KACHilc S. mauritianus C. Miill. 
ex-Aongstr. b Boctomhoh A(J)pin<e lì Ha MaAaracKape. Abtop bijhchhct HOMCHKJiaTypnyio npo- 
f)ACMy S. glaucovirens Mitt. var. rufus Ren. et Card. OIipCACAHA, MTO Bbime Ha3B3HH0e nome 
nuduin II CHHOHHM T3KC0Ha S. glaucophyllus Ren. et Card. var. rufus Ren. et Card. 


METO£ AHAJ1H3A EHHAPHblX (O^OPHCTHMECKMX) ^AHHblX 
B M3yMEHMH BErETAUHH 
H. iioaahm 

B cTaTbe npeAAaraeTCH hobuh hhaskc a.mh oiipcacachiih AOKaAbHoro, Bepuee (|)jiopncTii- 
MCCKOrO CXOACTBa, KOTOpblH npHHHMaACfl BO BHIlMamie B COOTBCTCTBI1H C B3>KHOCTblO aiTpiI- 
ÓyTOB. npilMeneiine 3TOI O HHA3KC3 B T3K H33blBaeM0M MCTOAC « centroid sortillg » ACMOHCT- 
piipyeTCH na oahom riiiioTe3HOM n oahom kohkpcthom npiiMcpc. B CTaTbe H3AaraioTCH t3k>kc 
pe3yjn>T3Ti»i aHaAH3a cKaAHCTo-Tpa bbho ro cooómecTBa. 

THnbl nPHHCKOB BEHFEPCKHX .TlECHblX COOEIUECTB 

M. COZIOPM^T 

Ha 0CH0B3HHH HOApoOHblX HOACBblX pa()OT, KOTOpblC ObLIII lipOBCACHbl H3 15(X) MCCT3X, Il 
KOTOpbie 0TH0CHTCH K OTACAbHblM C0001HCCTB3M, 3BT()p, HCH0Ab3yH AHTCpaTypy HO paCTHTeAb- 
HblM C00ÓIHCCTB3M, pa3paÓOT3JI Ta()AHHbl B KOTOpblX BblACAHA OTHOUICHIIH MOKAy BCHrcpCKIIMll 
jiecHbiMH cooómecTBaMii il npHHCKaMH. OnpeACACHHe Tiina npHHCKa oc ho Ba ho Ha pafioTe 3. flpo 
(1972). COOTBCTCTBCHHO 3TO\\y 3BT0p pa3paC)OT3JI lHK3Ay OUCHKH (j)aKTOpOB AJ1H XapaKTepllCTUKll 
THnoB npmiCKOB: KAHM3T, rHApoAorHH, Tini noMBbi, pjiyóiiHa oópaóoTaHHon noMBbi. Abtop na 


ocHOBe MOHorpa(J)iiii LLloo (1964-1973) o6cy>KAaeT necHbie cooSiuecTBa, a Majio pacnpocTpa- 
HeHHbie JiecHbie cooOmecTBa, aBTop nponycKaer. 


OYHKUHOHAJlbHOE COCTOflHME OOTOCHHTETHMECKOrO AnnAPATA 
MOPCKOfl 3EJ1EHOP1 BOflOPOCJlH ULVA FENESTRATA no XO,qy 

3. A. TMTJ1HHOB, fi. B. KOJ1MAHOB, B. .Q. J1EE, Vi. XOPBAT 

B CTpyKType h (J)yHKUHH (J)OTOCHHTeTHMCCKoro annapaTa MopcKOiì 3ejièH0H BOAOpocmi 
Viva fenestrata Harnjin ciirHi«})HKaHoe pa3JiHMwe no xoAy A ha. B yTpeHne qacbi onTnnecKaA 
njiOTHOCTb h KOjiHMecTBO nHTMeHTOB kojiohhh BOAOpocnn B03pacTai0T. XnoponjiacTbi CABH- 
HyTCA OT BHyTpeHHHX CTCHOK KJieTKH B CTOpOHy Hapy>KHbIX, (J)OTOCHHTeTHMeCKHH nOTCH- 
mian noBbiinaeTCA. B nocjienojiyACHHbie nacbi mo>kho o6Hapy>KHBaTb oOpamoe H3MeHeHiie. 
Mo>kho CAenaTb t3koh bbiboa, hto H3MeHeHHA b xjioponnaerax Ulva fenestrata HaxoAATCA 
h noA KOHTpojiOM SHAoreHHon perynAunn, TaK KaK ”HHTeHCHBHOCTb” 3 thx npoueccoB BO 
BpeMA AHA 3aBHCHT OT CBeTOBblX yCAOBHAX. 


XEMOTAKCOHOMHMECKOE £OKA3ATEJlbCTBO MECTA B CMCTEMATHKE 
KICKXIA ELATINE (L.) DUM. H KICKXIA SPURIA (L.) DUM. 

A. TOT, M. MOPAALU, B. nAFIAM 

ABTOpbl H3ynaJIH XHMHHCCKHH COCTaB K. elatine H K. spuria Ha OCHOBaHHH XHMHMeCKHX 
CBOÌICTB aBTOpbl CACAaAH BbIBOA 0 MCCTe pOAa B CHCTCMaTHKe H O CTCneHH pa3BHTHA BHyTpn ce- 
MencTBa b npouecce (J)iuioreHe3a. ABTopbi onpeAeJinjm, mto cpcA» yrneBOAOB b poAe Kickxia 
BCTpenaeTCA MaHHHTOJi h mhohho3htoji xapaKTepHbiii aaa ceMencTBa. CpeAH hphaohaob b 
BHAax Kickxia BCTpenaiOTCfl xapaKTepHbie aaa TpnObi Antirrhineae aHTiipxnH03HAbi H JiHHa- 
pH03HAbI. XapaKTepHOCTH pOAa, KOTOpbie OTJIHHaiOT HX OT ApyrHX pOAOB TpwObl- 3T0 (})JiaBOHO- 
HAbi: 5, 6, 7 TpHMeTaKCH(J)JiaBOH, H ABa TpIirHApOKCH-AHMeTOKCH (})JiaBOH rAK)K03HA. CoOTBeT- 
CTBeHHO 3T0My, XIIMimeCKHC CBOHCTBa H MOp(J)OJIOnmeCKIie npH3HaKH A0Ka3bIBaiOT, MTO pOA 
Kickxia OTHOCALUHHCA K TpiiGe Antirrhineae a H BHyTpn CeMencTBa CaMbUÌ pa3BHTbin pOA. 


KOPOTKO-nEPHO^HMHblE MCCJlE^OBAHMfl OHTOnjIAHKTOHA 

BAJ1ATOHA 

T. lì. TOT, IO. nA^HLUAK 

ABTOpbl nccAeAOBaAH b 1976 roAy c 20 hioaa no 18 aBrycTa e>KeAHeBHo KommecTBo 
ocoóeiì ii onoMaccy (JmTonnaHKToua EanaTOHa, OTAeAbHo Maupo- n MHKpo-BOAopocAii, a Taione 
opraHiiMecKO-yroAbHoe coAepn<aHiie, TeMnepaTypy n npo3paHHocTb boabi. ÒoAoOHbie iiccne- 
AOBaHHH na BanaTOHe eme He npoBOAHJincb. 

^HHaMHKa HCKOTOpblX H3MepeHHbIX nepeMCHHblX BCJIHHHH OTpa>KaeT xapaKTep MeJIKO- 
boahoctii 03epa. noJiyneHHbie aBTOpaMH AaHHbie oGpaiuaiOT BHHMaHne Ha pa3nimne Me>KAy 
H3MeHCHHAMH Mai<pO- H MIlKpOBOAOpOCJieH 3a TpHAUaTb flHCH, a TaiOKC yKa3bIBaeT Ha pa3JIMHHA 
BHyTpn npOAOA>KIITeAbHOCTII HH(J)OpMaUHH MHO>KeCTBeHHbIX nepeMeHHblX- KOAHHeCTBa ocooen 
h énoMaccbi. CoAep>KaHiie HeopraHiinecKoro yrnA n HeuoTopbie Apyrne Aannbie yKa3biBaiOT Ha 
nporpecc 3yTpo(|)H3ai;iiH 03epa. 

H3MEHEHHE OPAKUHR EEJ1KOB M COflEP>KA H HH BOJIOKHA B OrPOMHOM 
BYPOM MOPIUMHHCTOM KOJlbUEBOM TPHBE (STROPHARIA RUGOSOANNULATA 
FARLOW EX MURR.) B FIPOUECCE PA3BMTMH nJlOHOBOrO TEJ1A 

A. BETTEP, M. PHMOUM 

rpn6bl OTHOCATCA K paCTCHUAM C BblCOKHM COAep>KaHIieM 6eAKa. HapAAy C HeKOTOpbIMII 
KyJlbTHBHpOBaHHbiMH BHAaMH (Agaricus bisporus , Pleurotus ostreatus) Ba>KHaA 3aAana 
pa3B0AHTb HOBbie BHAbl H K 3T0My HeoOxOAHMbl OnbITbl nO (|)H3H0J1 Orlili H KyJ1 bTHB34IIH 3THX 
bhaob. TaK HanpiiMep, iiMeeTcn HeAocTaTOMHan HH(()opMamiA o tom, kok H3MeHAiOTCH noK33a- 
Tejiii BHyTpeHHero coAepAOiMoro, cpeAn sthx rjiaBHbiM oOpaaoM KOJiimecTBo n cooTHorncHiie 
pa3JiiiMHbix (JipaKunn SejiKOB, a TaK>Ke coAepwaHiie bojiokoh b npouecce pa3BimiA njiOAOBoro 
Teaa. C 3toh uejibio aBTOpbl npoBejin cepino onbiTOB c a ByMA copTaMii 6ojibinoro 6yporo rpn6a 
( S . rugosoannulata). B 3toh CTaTbe aBTopw A3K)T oTneT o pe3ynbTaTax sthx onbiTOB. 
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XYLOTOMIC STUDY OF SOME WOODY PLANT 
SPECIES FROM CUBA, II 


By 

K. Babos 

RESEARCH INSTITUTE FOR WOOD INDUSTRY, BUDAPEST, HUNGARY 

and 

A. Borhidi 

RESEARCH INSTITUTE FOR BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VACRATÓT 
(Received 15. Deceinber, 1977) 

The authors describe thè most important anatomical features of thè xylein, ex* 
ternal morphology, occurrence and habitat of eight woody species of thè Flora of Cuba, 
nainely: Curateli a americana L. ( Dilleniaceae ), Luehea speciosa Willd. ( Tiliaceae ), Al- 
varadoa amorphoides Liebin. ssp. psilophyIla (Urb.) Cronq. ( Simarubaceae ), Cyrilla race - 
miflora L. ( Cyrillaceae ), Lysiloma bahamensis Benth. ( Mimosaceae ), Myrsine cubana 
A. DC. ( Myrsinaceae ), Mastichodendron foetidissimum (Jacq.) Cronquist ( Sapotaceae ), 
Linociera bumelioides Griseb. (Oleaceae). 


Materials and methods 

t 

Blocks of thè different woods were softened (2—3 atm., in thè 1 : 1 mixture of water- 
glycerine in an J. Brinzer autoclave, then cross, tangential and radiai sections were obtained. 
The sections were dyed in an alcoholic solution of thè microdyestuff of Toluidin blue. The 
maceration of thè xylein was performed by thè Schulze’s inethod (SarkAny—Szauai 1964). 
Length of thè fibers and vessel elements, tangential and radiai diameters of thè vessels, width 
and height of thè inedullary rays, and other features were ineasured. Minimum-maximum 
values for each anatomie feature of individuai species were calculated froin 50—100 ineasure- 
ments. 

Suitably enlarged inicrophotographs were prepared of each section. 

External morphology, distribution and ecology 
Curateli a americana L. 

Shrub or little tree up to 6 8 min height. Leaves ovate or elliptic-ovate, 12 —30 cui 
long, rounded and einargined at thè apex, rounded to decurrent at thè base; blades scabrous 
on both surfaces, margin sinuate-undate, coriaceous. Flowers fragrant, white; sepals 4—5, 
petals 5 — 6 min long, filainents thickened at thè apex, anthers oblong. Ovary apocarpic, 
carpels 2, biovulate, globose when mature, hirsute, 6 — 7 min long. Seeds black, enclosed in 
a inembranous arilus. 

This species is widely distributed all over thè neotropic regions; it is a common and 
well-known savanna-shrub. In Cuba it occurs on shallow, mostly sandy soils generally poor 
in nutriente; lives in pine-woodland, evergreen-oak-forests and secondary savaiuias in thè 
provinces of Pinar del Rio, Habana, Matanzas, Camagiiey and in thè Isle of Pine. 


Luehea speciosa Willd. 

Tree up to 20—25 min height. Bark smooth, gray; branches densely tomentose by 
ferrugineous stellate-hairs. Leaves soft, deciduous, elliptic to ovate or elliptic-ovate, 10— 
20 cm long, abruptly acuminate at thè apex, rounded or cordate at thè base; blades stellate» 
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scabrous above, pale tomentose beneath, serrulate at thè margin. Flowers white, bracteoles 
1.5 cin long; calyx densely tomentose, 1.5 cm long, petals white, 2.5—4 cm long, with 5 glands 
at thè base; stamens numerous, obscurely connate into 5—10 fascicles, thè exterior ones with- 
out anthers. Ovary 5-locular, cavities multi-ovulate, style simple, stigma capitate and obscure¬ 
ly 5-lobulate; capsule lignose, 3—4 cm long, brown-tomentose, obtusely 5-angulate, dehiscent 
at thè apex. Seeds imbricate, testa prolonged into a wing, endosperm fleshy. 

This species has a neotropical distribution pattern. In thè Antilles it does not occur 
except West-Cuba, in thè provinces Pinar del Rio, Ilabana, Matanzas, Las Villas and Isle of 
Pine. It is a rather common tree in thè first canopy layer of thè lowland and submontane 
seasonal evergreen tropical forests, growing mostly on tropical brown, yellowish-red and red 
soils derived from different rocks. 


Alvaradoa amorphoides Liebm. ssp. psilophylla (Urb.) Cronq. 

Shrub or tree up to 15—20 m height. Leaves imparipinnate, alternate, leaflets 18 — 50, 
alternate, oblong-elliptic, sornewhat acute at thè apex, 1 — 3.5 cm long and 4—12 inni wide, 
blades bright-green above, strigillous-hirsute beneath. Flowers dioic in axilar or subterminal 
racemes. Sepals of thè male flowers ovate, 1 — 2 mm long, sornewhat united at thè base; petals 
linear-filiforin 2—2.5 mm long. Stamens 5, filaments 3 — 5 mm long, inserted in thè lobes of 
thè disc, absent in thè female flowers. Ovary 2 3-locular with an only fertile carpel; ovulas 2, 
carpels pulvinate-puberulent. Fruit samaroide, winged, lanceolate or lanceolate-ovate, 8 — 
18 mm long, margin cibate; seed 1. 

This subspecies has a North-Caribbean distribution pattern occurring all over Cuba, in 
thè Bahamas and Florida (United States). It grows in thè littoral and semideciduous forests 
as a rather frequent element of thè first canopy layer, sometimes as an einergent tree. From 
an ecological point of view it is in thè littoral dog-tooth areas further on shallow limestone 
rendzinas and protorendzinas, less frequently on tropical brown soils and red latosolic soils, 
mainly in thè lowland and submontane regions up to 400 — 500 m above thè sea evel. 


Cy riila racemi fior a L. 

Shrubs or trees up to 15—20 m height. Leaves elliptic, oblong-elliptic, obovate or 
oblanceolate, 3 — 12 cm long and 6 - 30 mm wide, attenuate at thè base, attenuate, obtuse or 
rounded, sometimes retuse and mucronulate at thè apex; blades glabrous, shiny, nerves pro- 
minulous and densely reticulate-veined on both surfaces, coriaceous. Flowers white, numerous 
in a dense raceme, inflorescence mostly longer than thè leaves; pedicels 2 — 4 mm long, calyx 
5-lobulate to thè base, 1 mm long, lobes acuminate; petals 5, acute 2 mm long; stamens 5, 
filaments free, subulate, adnate to thè corolla; connective apiculate, dehiscent by an apical 
porus. Ovary oblong, 2-locular, style short, obconic, stigma 2-lobulate, ovules 1 — 3 in each 
cavity, pendulous; fruit a 2—3 mm long, ovoide, capsule 2-locular, seed 1 in each cavity. 

An extremely polymorphic species as for thè forni and shape of leaves 
and length of inflorescence. Therefore Thomas (1960) united all thè Antillean 
Cyrilla- species into an only species (C. racemiflora L. sensu latissimo) and did 
not separate any subspecific taxon on a morphological basis. As to our opinion 
(s. Borhidi and Muniz 1971) C. racemiflora sensu Thomas non L. is a collec- 
tive species or an agglomeration of very closely related and valid species. The 
specimen studied in this paper belongs to thè reai C. racemiflora L. s. str, 
A thorough taxonomic revision of this species is stili needed. 

This species has a Caribbean distribution pattern occurring in thè Southern United 
States, in Central America, thè Northern part of South America and in thè Antilles, In Cuba 
it can be found in thè Western part of thè country (Pinar del Rio province and Isle of Pine). 
It is reported also from thè Sierra Maestra range (Oriente province), but that population only 
doubtfully belongs to this species. As for its ecological pattern in West-Cuba, it occurs in thè 
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lower hills and submontane regions between 20- 700 in above sea level. It lives mostly in pine 
woodlands on silic?ous sandy soils and on shallow yellowish-red pseudopodsols derived from 
sandstone rocks, associated with Pinus caribaea Morelet, Vaccinium cubense (A. Rich.) Griseb. 
ssp. ramoniana (Griseb.) Borhidi, Rondeletia correifolia Griseb.. etc.: it is also frequent in pine 
forests on serpentine-latosols associated \n itti Pinus caribaea , Psidium cymosum Urb., Tetrazy- 
gia coriacea Urb.,etc., furthermore, it is a subdominant tree in thè first canopy layer of thè 
riverside evergreen tropical forests associated with thè ‘'Monaca palms”, Calyptrogyne inter¬ 
media and C. dulcis , and in thè montane rain forests. 


Lysiloma bahamensis Benth. 

Tree up to 20 25 m lieight. Bark smooth, gray; stipules ovate, acuminate. Leaves 

large, paripinnate, petiole 1 3 min long with a thick gland, 2 5 pairs of pinnae, leaflets 

10 33 pairs, ohlong, membranous, pale green, 8 15 min long, puberulent. Inflorescences 

composed racemous, axillar, or terminal: flowers capitate globose, peduncles generally 1 
1.5 cm long; calyx campanulate 5-merous, 1 1.5 min long; corolla funnelform, white or 

bluish-white, 2— 2.5 nini long, pilose, lobes valvate. Stamens numerous, much exerted, tube of 
filaments short. Ovary multiovulate, style stout, thin. Pods straight, erect, linear or linear- 
oblong, 2 5 cm wide, acuminate, complanate, dehiscent marginally. Seeds compressed, about 

12 min wide. 

This species lias a North-Caribbean distribution pattern, occurring in thè Yucatan Pen- 
insule, all over thè territory of Cuba and Isle of Pine, in thè Bahamas and Florida (United 
States). In Cuba it is a rather common tree and lias an important phytocenological role in thè 
first canopy layer of thè swamp-forests and marsh-forests (Chrysobalano-Annonetea), in thè 
semideeiduous alluvial forests ( Ceibetea occidentalis) and in thè costai semideciduous forests 
(Lysilomo-Burserion). It is a very frequent tree in thè swamp-region of thè Zapata-Peninsule, 
in which it associates with Bucida palustris Borhidi et Muniz, Fraxinus caroliniana Mili. ssp. 
cubensis (Griseb.) Borhidi, Tabebuia angustata Britt., Metopium brownei (Jacq.) Urb. and 
Bursera simarouba (L.) Sarg. forming thè associations Lysilomo-Metopietum brownei Borhidi et 
Del-Risco, thè Lysilomo-Burseretum simaroubae Borhidi et Del-Risco and taking part as 
a dominant species in thè composition of other associations, e.g. Hibisco-Calophylletum antilla- 
nae Del-Risco. It is a very agressive invader species after thè exploitation of thè alluvial and 
swamp-forests. The wood of this species is widely used for charcoal-burning. 


Myrsine cubana A. DC. 

Shrubs or little trecs up to 10 m height. Twigs and young branches glabrous. Leaves 
obovate or oblong, 3 10 cui long, 1.8 4 cm wide, rounded or obtuse at thè apex and long 

attenuate at thè base: biade shiny above, pale and dilli beneath, lateral veins inconspicuous, 
glandolar points hardly or not raised. Flowers in subsessile axillary fascicles, green, spotted 
by ferrugineous points, 4 5-merous. Sepals ovate, acute at thè apex, 1.5 min long. Corolla 
with obtuse lobes, ferrugineous puberulent at thè margin. Stamens 5, filaments absent, anthers 
adnate to thè corolla lobes. Ovary ovate, fruit globose, black when mature, about 5 inni 
in diameter. 

Formerly this species was identified with Rapanea guianensis Aubl. or 
Myrsine guianensis (Aulii.) Kuntze, but Stearn (1969) proved this later 
species to live only in South America and did not occur in thè Antilles, in 
which it is replaced by a number of different species of inostly restricted areas. 
One of these vicariant species of thè guianensis-group is Myrsine cubana A. DC., 
endemie to Cuba (Borhidi, Imchanitskaya and Muniz 1978). 

It lives prohahlv in all thè provinces of Cuba, mostly in humid and inundated areas, 
in swamp-scrub forests, swamp- and alluvial forests, in which it grows as a rather common 
tree of thè first or second canopy layer; sometimes it occurs also in thè littoral marsh-forests 
as well, beliind thè mangrove-zone. It tolerates thè long inundation, rather well even in 
brackish water. 
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Mastichodendron foetidissimum (Jacq.) Cronq. 

Tree up to 25 — 30 m height. Bark separaiing into laminar plates, latex slightly orange, 
tastes bitter: twigs purplish, sinooth, thin and glabrous. Leaves very diverse in size and shape, 
generally oblong, oblong-ovate, ovoide or sometimes elliptic to suborbicular, 5 15 cm long, 

mostly short-acuminate and obtuse or less frequently acute, rarely rounded at thè apex, 
rounded or attenuate and obtuse at thè base; blades shiny above, chartaceous, glabrous and 
characteristically undulate at thè rnargin, petiole slender, 2—7 cm long. Flowers in few- or 
manyflowered axillary fascicles, which are shorter than thè petioles. Pedicels 4—10 inni long, 
sepals 5, orbicular or suborbicular, obtuse, 2 inni long, glabrous; corolla greenish-yellow, 7 min 
wides, lobes 5, oblong and obtuse; staminoids lanceolate, acuminate, 1 min long. Ovary glabrous, 
ovules with basic-lateral placentation, mostly only 1 developing in each fruit. Berry drupa- 
ceous, ovoid, yellow, 2 — 2.5 cm long, glabrous, sour. 

This species has an Antillean distribution pattern. It occurs in thè West Indies except 
thè Bahama Islands, but it can be found in Florida (United States) as well. In Cuba it is 
a very common tree species, growing in all thè provinces of this country, and lives mostly 
in thè lowland and submontane levels, up to 600—700 m a. s. 1. It can be found in very different 
soils but more frequently in limestone areas and ranges. As for its phvtoeenological conditions, 
it plays an important role in thè semideciduous forests and seasonal evergreen forests as a 
common member of thè first canopy layer or sometimes as high emergent trees. Its wood is 
pale yellow, solid, heavy and resistant, used for balks, timbers and railway-sleepers. 


Linociera bumelioides Griseb. 

Shrub or tree up to 10 15 m height. Twigs glabrous: leaves elliptic, oblong-elliptic or 

sometimes obovate (ssp. obovalis Borhidi et Muiìiz), 4 10 cm long, rounded to obtuse at thè 

apex, long attenuate and cuneate at thè base: biade glabrous, reticulate-veined on both sur- 
faces, shiny above, suhcoriaceous. Inflorescences axillary or terminal panicles, 2—3 cm long, 
puberulent; calyx 1.5- 2 min long, lobes ovate, acute, separated to thè middle of thè calyx: 
petals white, linear, 6 8 nnn long. Stamens 2, filainents filiform, as long as thè anthers. 

Ovary 2-locular, style short, stigma oblong, capitate: ovules 2 in each cavitv. Fruit drupa- 
ceous, ovate, purplish, 11 — 12 min in diameter: endocarp stone-hard. 

This species has a Great-Antillean distribution pattern occurring in Cuba, Hispaniola 
and Andros lsland, but fails in Jamaica and Porto Bico. It grows in thè littoral limestone 
dogtooth areas on thè nacked rocks or in very shallow rendzina- and protorendzina-soils, living 
in littoral semideciduous scrub-forests, dry evergreen littoral scrubs and thickets, associated 
with Bombacopsis cubensis A. Robyns, Capparis cynophallophora L., Savia bahamensis Britt.. 
Diospyros grisebachii (Hiern.) Standl., etc. In thè West Cuban dry littoral thickets, nained 
Linociero-Savietum bahamvnsis Borhidi et Del Risco, plays an outstanding role as a dominant 
species of thè association. 


Wood anatomy 
Curatella americana L. 

Wood porous diffuse; thè ground mass of thè wood is forined by poly- 
gonal-shaped fibers with thick wall and narrow lumen and by wide medullary 
rays. Apotracheal and contact-vasicentric longitudinal parenchi ma. Medullary 
rays with more cells in width (Fig. 1). Tracheae are round or flattened in radiai 
direction, with medium sizes, and sometimes filled up by thyllis. Number is 
very few, 3 per 1 sq millimeter. Tangential diameter 86.7—165.6 fi. Radiai 
diameter 34.5 —133.4 fi. Vessel members are 426.0 — 923.0 fi long, with oblong 
bordered pits on thè wall (Fig. 2). Perforatimi piate is simple. 

Heterogeneous medullary rays with 4—12 cells in width. Height 230.0 — 
10 350.0 fi. Width 23.0 — 414.0 fi. Cells of thè medullary rays often contain 
bundle-shaped group of acicular crystals nained “raphids” (Figs 3, 4). 
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Fig. 1. Curatella americana L. Cross section Xl20. Roundish 
solitary vessel. Wide inedullary rays, apotracheal and contact 
parenchyma filled up with gum material. Wall of fibers thick, 
cavity filled up with gum material 



Fig. 2. Curatella americana L. Tangential section X 300. The oblong 
pits are distinctly visible on thè wall of vessels 
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h ig. 3. Curatella americana L. Radiai section xl20. Ileterogeneous 
medullary rays. Longitudinal parenchyma and fibers 



Fig. 4. Curatella americana L. Tangential section Xl20. Wide 
medullary rays and fibers. (ìells of medullary rays contain raphid 
crystals (-*) 
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Fibers arranged in irregular lines. Diameter 25.3 — 48.3 //. Wall thickness 
3.4—12.6 fi. Full length 1065.0 — 2343.0 //. Radiai and tangential wall of fibers 
with bordered pits. Tips of thè fibers commonly ending in a smootli peak, 
rarely toothed or forking. Diameter of thè longitudinal parenchyma cells 
9.3 — 37.2 fi. Height 55.8 181.3 //. Cells rarely contain tetragonal bipyramidal 

crystals and often gum. 


Luehea specioso Willd. 

Wood porous diffuse w ith annual ring structure. The ground mass of thè 
w r ood is formed by fibers vvitli thin w all and wide lumen. Apotracheal and con- 
tact-vasicentric longitudinal parenchyma. Medullary rays one or more cells 
in width (Fig. 5). 



Fig. 5. Luehea speciosa Willd. Cross section xl20. Solitary vessels and groups of vessels. 
Medullary rays with 1 or more cells in width, filled up with inastic material. Scarce apotracheal 
and contact longitudinal parenchyma. Fibers with thin wall. The annual ring structure is 

distinctly visihle 
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Fig. 6. Luehea speciosa^ Willd. Radiai section xl20. Heterogeneous 
medullary rays, vessels and fibers. Cells of inedullary rays contain 
mastio material. Marginai cells contain polygonal-shaped crystals 



Fig . 7. Luehea speciosa Willd. Tangential section Xl20. Thevery 
small pits are distinctly visi!)le on thè wall of vessels. Contact 
longitudinal parenchyma and fibers. Medullary rays with one or 
more cells in width 
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Solitary vessels are oval-shaped. Groups of vessels containing 2 — 4 meni- 
hers are flattened in radiai direction. Number is 28 per 1 sq millimeter. Medium 
size. Tangential diameter 28.4—82.8 //. Radiai diameter 20.7—115.0 /y. Yessel 
members are 142.0 — 568.0 // long, with small bordered pits on thè wall. Simple 
perforation piate. Vessels sometimes filled up with gum material. 

Medullary rays are 3 — 4 cells in width, with heterogeneous structure. 
Hcight 92.8 — 494.5 //. Width 11.5 — 69.0 //. Cells of thè medullary rays contain 
gum material, marginai cells contain polygonal-shaped crystals (Figs 6 and 7). 

Fibers in radiai lines. Diameter 9.2—18.4 ^y. Constant wall thickness 
2.3 //. Full length 710.0—1846.0 //. Tips of thè fibers longitudinally ending in 
a peak, rarely with saw-teeth, very rarely bifurcating. 

Diameter of longitudinal parenchyma cells 9.3 — 23.2 /y. Height 41.8 — 
106.95 /y. Cells contain gum material and polygonal-shaped crystals. 



Fig. 8. Alvaradoa arnorphoides Liebm. ssp. psilophylla. Cross section X120. Roundish and 
oval-shaped groups of vessels. Fibers with medium wall thickness and a very scarce apotracheal 
longitudinal parenchyma. Medullary rays with onc or more cells in width. Medullary rays 

contain mastic material 
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Alvaradoa amorphoides Liebm. ssp. psilophylla (Urb.) Cronq. 


Wood porous diffuse. The ground mass of thè wood is forined by fibers 
with medium wall thickness and vessels. Very scarce apotracheal longitudinal 
parenchyma. Medullary rays with one or more cells in width (Fig. 8). Solitary 
vessels are oval-shaped or siiglitly flattened in radiai direction. The flame- 
shaped or obliquely settled vessel groups with more members are frequent. 
Number is 54 per 1 sq millimeter. Small size. Tangential diameter 20.7 — 
•69.0 //. Radiai diameter 23.0 — 62.0 fi. Lengtli of vessel members 142.0 — 568.0 //, 
with small oblong bordered pits on thè wall. Simple perforation piate. They 
rarely contain gum material. Fiber tracheids with vasicentric position. 

Medullary rays with 2 — 4, rarely 7 cells in width, with heterogeneous 
structure. 2 — 4 lines of marginai cells are characteristic. Height of medullary 
rays 69.0 — 675.0 //. Width 11.5 — 68.6 //. Cells of medullary rays contain gum 
material and polygonal-shaped crystals (Figs 9 and 10). 

Fibers in radiai lines or in irregular arrangement. Diameter 22.5 — 44.5 fi. 
Full length 852.0—2130.0 //. Wall thickness 2.3 — 4.6 fi. Tips of fibers longi- 
tudinally ending in a peak or with saw-teeth, rarely bifurcating. 

Cellular fibers forni zones. 

Diameter of longitudinal parenchyma cells 9.4 — 24.2 fi. Height 48.2 — 
296.0 p. 


Cyrilla racemiflora L. 

W ood porous diffuse, rarely with annual ring structure. The ground mass 
of thè wood is formed by fibers with medium wall thickness. Apotracheal 
longitudinal parenchyma. Medullary rays with 1 or 2 cells in width (Fig. 11). 
Solitary vessels are round or oval-shaped. Vessel groups of 2—11 members in 
radiai direction are frequent. Number is 46 per 1 sq millimeter. Small size. 
Tangential diameter 25.3 — 71.3 fi. Radiai diameter 20.7 — 57.5 fi. Length of 
vessel members 213.0—639.0 //, with bordered pits on thè wall. Simple per¬ 
foration piate. 

Medullary rays one, rarely two cells in width, with heterogeneous struc¬ 
ture. Marginai cells are often in 4 series (Figs 12, 13). 

Fibers in irregular arrangement. Diameter 16.1—26.6 fi. ^ all thickness 
6.9—11.0 fi. Full length 710.0 —1278.0 fi. Tips of fibers commonly ending in 
a sinooth peak, sometimes with saw-teeth. 

Diameter of longitudinal parenchyma cells 16.1 -26.6 //. Height 55.8 — 
125.5 fi. Cells often contain gum material and cellular crystal holder longi¬ 
tudinal parenchvma. 
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Fig. 9. Alvaradoa amorphoides Liebm. ssp. psilophylla. Radiai 
section X 120. Heterogeneous medullary rays with marginai celi lines 
of 3 cells in width. Cells of medullary rays contain a large quantity 
of mastio material. Cells often contain polygonal-shaped crystals. 

Fibers and celiular fibers 



Fig. 10. Alvaradoa amorphoides Liebm. ssp. psilophylla. Tangential 
section X 120. Vessel,contact longitudinal parenchyma. heterogene- 
ous medullary rays. Fibers and fiber tracheids 
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Fig. 11. Cyrilla racemiflora I,. Cross section Xl2(). Vessels and 
groups of vessels and medullary rays with one celi in width. Wall 
of vessels relative’}' thick, small size. Medium thickness of fiber 
wall. Apotracheal longitudinal parenchyma 



Fig. 12. Cyrilla racemiflora L. Radiai section X 120. Heterogeneous 
medullary rays with marginai celi lines of 4 cells in width. Fibers, 
longitudinal parenchyma and cellular crystal holder longitudinal 
parenchyma (-►) 
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Fig. 13. Cyrilla rucemiflora L. Tangential section x]20. Ileterogeneous medullary rays with 
one and two cells in width, ve?sei and fihers 


Lysiloma bahamensis Benth. 

Wood porous diffuse; thè ground mass of thè wood is formed hy longi- 
tudinal parenchyma and fihers with thin wall. Abundant paratracheal and 
contact-vasicentric longitudinal parenchyma. Medullary rays uni- or triseriate 
(Fig. 14). 

The solitary vessels with ovai shape. Yessel groups of 2 — 4 members in 
radiai direction are frequent. The vessels of thè vessel groups are flattened in 
tangential direction. Number of vessels 7 per 1 sq min. Medium size. Tangential 
diameter 41.1 —184.0 fi. Radiai diameter 20.7—181.7 fi. Length of vessel 
members 213.0 — 426.0 /i, with small alternative pits on thè wall. Simple per¬ 
foratimi piate. 
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Fig. 14. Lysiloma bahamensis Benth. Cross section Xl20. Solitary vessels and medullary rays 
with 1 and 3 cells in width. The waìl of vessels is reJatively thick, with medium sizes. Fibers 
with thin wall and large lumen. Paratracheal, contact-vasicentric longitudinal parenchyma 


Medullary rays with one, two or three cells in width. Homogeneous struc- 
ture. Height 69.0 — 345.0 //. Width 11.5 — 34.5 //. Cells are sometimes filled up 
hy inastic material, rarely with crystals. Medullary rays within thè wood 
almost scalariforin (Figs 15, 16). 

Fibers arranged in irregular lines. Diameter 11.5 — 20.7 //. Wall thickness 
6.9—9.2 f.x . Full length 639.0—1207.0 //. Tips of thè fibers counnonly ending 
in a smooth peak. 

Diameter of longitudinal parenchyma cells 9.3 — 23.2 fu. Height 37.2 — 
134.8 //. Cells are often filled up with mastic. Cellular crystal holder longi¬ 
tudinal parenchyma is frequent. 
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Fig. 15. Lysiloma bahamensis Benth. Radiai section xl20. 
Homogeneous medullary rays, vessel and fibers 



Fig. 16. Lysiloma bahamensis Benth. Tangential section X 120. 
Ilomogeneous medullary rays with 1 — 2 — 3 cells in width, vessel, 
with mastic material, fibers. Large quantity of crystal holder 
longitudinal parenchyma 
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Myrsine cubana A. DC. 

Wood porous diffuse. The ground mass of thè wood is formed by fibers 
with thick wall and narrow lumen. Scarce paratracheal and contact-vasicentric 
longitudinal parenchyma ( Wagenfuhr — Schreiber 1974, Jane 1950). Medul- 
lary rays are triseriate or sextain (Fig. 17). 

The solitary vessels are polygonal-shaped. The vessel groups of 2 — 5 mem- 
bers in radiai direction are frequent. Number of vessels 50 per 1 sq min. Small 
sizes. Tangential diameter 27.6 — 69.0 fi. Radiai diameter 41.4 — 73.6 fi. Length 
of vessel members 284.0 — 781.0 /z, with small, alternative pits on thè wall. 
Simple perforation piate. Medullary rays with three or six cells in width. 



Fig. 17. Myrsine cubana A. DC. Cross section Xl20. Vessels and vessel groups; medullary 
ray with 6 cells in width. The wall of vessel is thin; small sizes. The wall of fibers is thick. 
thè lumen contains mastic material. Scarce paratracheal and contact-vasicentric longitudinal 

parenchyma 
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Heterogeneous structure. Height 5750.0 — 7245.0 fi. Width 115.0—172.5 fi. 
1 — 4 rows of marginai cells (standing cells). The marginai cells often change 
into idioblast and contain crystal sand. Medullary rays often filled up by 
mastic material (Figs 18, 19). 

Fibers arranged in radiai lines. Diameter 16.1 — 34.5 fi. Wall thickness 
9.2 —14.2 fi. Full length 639.0—1420.0 fi. Tips of thè fibers end in a smooth 
peak. 

Diameter of longitudinal parenchima cells is 4.65 — 27.9 fi. Height 
46.5 —195.3 fi. Cells sometimes filled up by mastic. 

Mastichodendron foetidissimum (Jacq.) Cronquist 

Wood porous diffuse. Thenground mass of thè wood is formed by fibers 
witli tliick wall and narrow lumen. Apotracheal longitudinal parenchyma. 



Fig. 18. Myrsine cubana A. I)C. Radiai section xl2(). Heterogeneous medullary rays with 
idioblast celi (—>). Medullary rays contain mastic material and crystal. Vessels and fibers 


2 
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Medullary rays uni- or Inseriate (Fig. 20). Solitary vessels are oval-shaped. 
Groups of vessels containing 3 — 4 members are frequent. The vessels of thè 
groups are flattened in tangential direction. Nuniber of vessels 28 per 1 sq 
nini. Small size. Tangential diameter 18.4 — 82.8 fi. Radiai diameter 34.5 — 
82.8 fi. Length of vessel members 568.0—781.0 //, with small, alternative pits 
ori thè wall. Simple perforation piate. Medullary rays with one or two cells in 
width. Heterogeneous structure. Height 172.5 — 483.0 //. Width 11.5 — 23.0 fi. 
The uniseriate medullary rays commonly consist of procumhent cells. The 
biseriate medullary rays consist of 1 — 4 marginai celi rows (standing cells). 
Medullary rays rarelv contain mastic material and calcium oxalate crystals 
(Figs 21, 22). Fibers are arranged in irregular lines. Diameter 13.8 — 23.0 fi. 
Wall thickness 11.5 — 20.7 //. Full length 1065.0 — 2401.0 //. Gelatinous and 
cellular fibers are scarce (Metcalfe and Chalk 1950). 



Fig. 19. Myrsine rubami A. DC. Tangential sedioli x 1 20. Wide medullary ray ^ ith idioblast 
cells. Vessels and fibers. Besides thè vessels contact-vasicentric longitudinal cells. The c els 

contain mastic material 
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Fig. 20. Mastichodendron foetidissimum (Jacq.) Cronquist. Cross 
sectioii Xl20. Vessels and medullary rays with 1 and 2 cells in 
width. Vessels with thin wall and small sizes. The wall of fibers is 
thick, thè lumen is narrow, vn ith mastio material, barge quantity 
of apotracheal longitudinal parenchvma 




Fig . 21. Mastichodendron foetidissimum (Jacq.) Cronquist. Radiai 
sedioli xl20. Heterogeneous medullary rays. Ycssel, iibcrs, 
and longitudinal parenchima 
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Tips of thè fibers end in smooth peak or biforcate, with toothed margin. 

Diameter of longitudinal parenchyma cells 9.3—13.8 fi. Height 32.5 — 
106.9 fi. The longitudinal crystal holder parenchyma is frequent. 

Linociera bumelioides Griseb. 

Wood porous diffuse. The ground mass of thè wood is formed by fibers 
with thinner wall and narrower lumen. Terminal and contact-vasicentric, 
scarce apotracheal longitudinal parenchyma. Medullary rays uni- or biseriate 
(Fig. 23). 

Solitary vessels are oval-shaped. Groups of vessels containing 2 — 6 meni- 
bers in radiai direction are frequent. The vessels of thè groups are flattened 
in tangential direction. Number of vessels 50 per 1 sq millimeter. Snudi sizes. 
Tangential diameter 20.7 — 59.8 fi. Radiai diameter 20.7 — 73.6 //. Length of 



Fig. 22. Mastichodendron foetidissimum (Jacq.) Cronquist. Tangential section Xl20. Medullary 
rays with 1 or 2 cells in width, fibers and longitudinal parenchyma 
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vessel mcmbers 284.0 — 639.0 fi, with sinall pits on thè wall. Simple perforation 
piate. Vessels often contain tyloses and rnastic material. 

Medullary rays with one or two cells in width; heterogeneous structure. 
Height 69.0—644.0 //. Width 11.5 — 34.5 fi. Marginai cells forni 1 — 4 rows 
(standing cells). Medullary rays cells contain a large quantity of crystals and 
crystal sancì (Figs 24, 25). 

Fihers are arranged in radiai lines. Diameter 6.9—18.4 fi. Wall thickness 
4,6—13.8 fi. Full length 710.0—1420.0 fi. Tips of fihers lengthwise end in 
a smooth peak, rarely toothed and forking. 

Diameter of longitudinal parenchyma cells 9.3 — 23.2 fi. Height 69.7 — 
153.4 fi. Cells rarely contain crystals. 

Detailed anatomical features of thè species are shown in Tables, 1, 2, 3, 
and 4. 



Fig. 23. Linociera bumelioides Griseb. Cross section x 120. Vessels and vessel «rroups, fiber 
with moderately thick wall and medullary rays with 1 celi in width. The wall of vessels is 
thick, lumen with mastio material. Contact-vasicentric longitudinal parenchyma in terminal 

position 
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Fig. 24. Linociera bumelioides Griseb. Radiai section xl20. 
Heterogeneous medullary rays, vessels with mastic material, fibers. 
Around thè vessels contact-vasieentric longitudinal parenchyma cells 



Fig. 25. Linociera bumelioides Griseb. Tangential section X 120. 
Medullary rays with 1 and 2 cells in width. Vessels, longitudinal 
parenchyma and fibers 
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Table 1 


Detailed anatornical features of thè species 


Elementi 

Features 

Curatella americana 

Luehea speciosa 


Arrangement 

diffuse, solitary 

diffuse, solitary or radiai 
groups of 2—4 members 


Shape 

roundish or flattened in 
radiai direction 

ovai 


Tangential diameter 

86.7-165.6 fi 

28.4- 82.8 p 


Radiai diameter 

34.5-133.4 /u 

20.7-115.0 p 

Trachea 

Length of vessel meni- 

426.0 852.0 fi 

142.0-568.0 p 

members 

bers 


Number per sq inni 

3 

28 


Wall thickness 

2.3-11.5 p 

2.3—9.2 fi 


Intervascular pitting 

oblong pit 

pit 


Perforatimi piate 

simple 

simple 


Content 

tyloses 

gum 


Width 

multiseriate 

uni- to tvsoseriate 


Number of cells 

4 12 

1-4 


Classification 

heterogeneous 

heterogeneous 

Medullary 

Height 

230.0-10 350.0 fi 

92.8-494.5 fi 


Width 

23.0-414.0 p 

11.5- 69.0 ,i 


Content 

acicular crystals-raphids 

crystal, gum 


Arrangement 

irregular 

in radiai lines 


Shape 

polygonal 

polygonal 

Fibers 

Full diameter 

25.3-48.3 fi 

9.2-18.4 fi 


Wall thickness 

3.4-12.6 p 

2.3 ,, 


Full length 

1065.0 -2343.0 // 

710.0-1846.0 fi 


Type of pitting 

bordered 

simple 


Arrangement 

apotracheal and 

apotracheal and contact 



contact vasicentric 

vasicentric 


Diameter 

9.3- 37.2 p 

9.3- 23.2 p 

Longitudi- 
nal pa- 

Height 

55.8-181.3 p 

41.8-106.9 p 

renchyma 

Number of cells 

1 

1-2 


Content 

gum 

mastic 


Other 

crystal 

crystal 
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Table 2 


Detailed anatomical features of thè species 


Elementi 

Faeture9 

Alvaradoa amorphoides 
ssp. psilophylla 

Cyrilla racemiflora 


Arrangement 

diffuse, grouped 

diffuse or in radiai direc¬ 
tion group of 2—11 mem¬ 
bers 


Shape 

ovai 

roundish or ovai 


Tangential diameter 

20.7— 69.0 f i 

25.3— 71.3 p 


Radiai diameter 

23.0— 62.0 fi 

20.7— 57.5 fi 

Trachea 

members 

Length of vessel members 
Number per sq mm 

142.0-568.0 fi 

54 

213.0-639.0 fi 

46 


Wall thickness 

2.3 fi 

2.3—6.9 fi 


Intervascular pitting 

oblong pit 

pit 


Perforatimi piate 

simple 

simple 


Contain 

rarely mastic 

— 


Width 

uni- to multiseriate 

uni- to twoseriate 


Number of cells 

1-4-7 

1 — 2 

Medullary 

Classification 

heterogeneous 

heterogeneous 

rays 

Height 

69.0-675.0 fi 

69.0—632.5 fi 


Width 

11.5— 68.6 fi 

11.5— 23.0 fi 


Content 

mastic 

— 


Arrangement 

in radiai lines or irregu- 
lar 

irregular 


Shape 

polygonal 

polygonal 

Fibers 

Full diameter 

22.5— 44.5 fi 

16.1— 26.6 fi 


Wall thickness 

2.3- 4.6 fi 

6.9— 11.0 fi 


Full length 

Type of pitting 

825.0—2330.0 fi 
simple 

710.0-1278.0 fi 
bordered 


Arrangement 

scarce apotracheal 

apotracheal 

Longitudi- 

Diameter 

9.4- 24.2 fi 

16.1- 26.6 fi 

nal pa- 

Height 

48.2-296.0 fi 

55.8—125.5 fi 

renchyma 

Number of cells 

1 

1 


Content 

— 

mastic 


Other 


crystal holder longitudinal 
parenchyma 
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Table 3 


Detailed anatomical features of thè species 


Elements 

Featurrs 

Lyailoma bahamenaia 

Myraine cubana 


Arrangement 

diffuse, solitary or radiai 
lines of 2—4 members 

diffuse, rarely solitary, ra¬ 
diai lines of 2 — 5 mem¬ 
bers 


Shape 

ovai or flattened in tan¬ 
gential direction 

ovai 


Tangential diameter 

** 

**• 

oc 

•f* 

© 

27.6- 69.0 p 

Trachea 

Radiai diameter 

oc 

7 

t'- 

o* 

C'J 

41.4— 73.6 p 

members 

Length of vessel mem¬ 
bers 

213.0-426.0 /i 

284.0-781.0 p 


Number per sq min 

7 

49 


Wall thickness 

4.6 13.8 fi 

2.3 fi 


Intervascular pitting 

pit 

pit 


Perforation piate 

simple 

simple 


Content 

mastio 

mastic 


Width 

uni- or multiseriate 

multiseriate 


Number of cells 

1-2 3 

3 6 

Medullary 

rays 

Classification 

Height 

homogeneous 

69.0 345.0 p 

heterogeneous 

5750.0 7245.0 fi 


Widtb 

11.5- 34.5 p 

115.0— 172.5 fi 


Content 

mastio, rarely crystals 

mastio, idiohlast witb 
crystal sand 


Arrangement 

irregular 

in radiai lines 


Shape 

polygonal 

polygonal 

Fibers 

Full diameter 

11.5-20.7 fi 

16.1 — 34.5 fi 

Wall thickness 

6.9—9.2 p 

9.2— 14.2 fi 


Full length 

639.0 - 1207.0 p 

639.0-1420.0 fi 


Type of pitting 

simple 

bordered 


Arrangement 

paratracheal, contact- 
vasicentric 

scarce paratracheal 
contact-vasicentric 

Longitudi- 
nal pa- 
renchyma 

Diameter 

Height 

Number of cells 

9.3 23.2 fi 

37.2 134.8 fi 

2-3 

4.65— 27.9 p 

46.5 195.3 fi 

1 


Content 

mastio 

mastic 


Other 

crystal holder longitudi- 
nal parenchyma 
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Table 4 


Detailed anatomical features of thè species 


Elements 

Features 

Mastichodendron foetidis - 
sirnum 

Linociera bumelioides 


Arrangement 

diffuse, solitary or radiai 
lines of 3 —4 members 

diffuse, solitary or radiai 
lines of 2 — 6 members 


Shape 

ovai or flattened in tan¬ 
gential direction 

ovai or flattened in tan¬ 
gential direction 


Tangential diameter 

18.4- 82.8 p 

20.7- 59.8 fi 


Radiai diameter 

34.5- 82.8 fi 

20.7- 73.6 fi 

Trachea 

inembers 

Length of vessel mem- 
bers 

568.0-781.0 fi 

284.0-639.0 fi 


Number per sq mm 

28 

50 


Wall thickness 

2.3-6,9 fi 

2.3 —6.9 fi 


Intervascular pitting 

pit 

pit 


Perforation piate 

simple 

simple 


Contain 

— 

mastic and tyloses 


Width 

uni- or biseriate 

uni- or biseriate 


Number of cells 

1-2 

1-2 

Medullary 

Classification 

heterogeneous 

heterogeneous 

rays 

Height 

172.5-483.0 fi 

69.0-644.0 fi 


Width 

11.5- 23.0 fi 

11.5- 34.5 fi 


Content 

mastic, crystals 

crystal and crystal sand 


Arrangement 

irregular 

in radiai lines 


Shape 

polygonal 

polygonal 

Fibers 

Full diameter 

13.8- 23.0 fi 

6.9- 18.4 fi 


Wall thickness 

11.5- 20.7 fi 

4.6- 13.8 fi 


Full length 

1065.0-2401.0 fi 

710.0-1420.0 fi 


Type of pitting 

bordered 

bordered 


Arrangement 

apotracheal 

terminal and contact-vasi- 
centric, scarce apotrache¬ 
al 

Longitudi- 

Diameter 

9.3- 13.8 fi 

9.3- 23.2 fi 

nal pa- 

Height 

32.5-106.9 fi 

69.7— 153.4 fi 

renchyma 

Number of cells 

1, rarely 2 

1 


Content 

crystal sand, crystal 

crystal 


Oth-r 

crystal holder longitudi- 
nal parenchyma 
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Orinili of thè samples 

Curai ella americana L.: Cul»a: Prov. F > inar del Rio; Sierra de los Organo» near Mina» 
<le Matahambre, in altit. of approx. 200 m. Collected by M. Vales and A. Homi idi. 25. 11. 1974. 
No.: 56. 

Luehea speciosa Willd.: Cuba: Prov. Pinar del Rio; Sierra del Rosario, Loma el Salòli 
near Cayajabos, in altit. approx. 350 m. Collected by M. Vales, 20. 11. 1974. No.: 47 

Alvaradoa amorphoides Liebm. ssp. psilophyIla (Urli.) Cronq.; Cuba: Prov. Pinar del 
Rio; Peninsule of Guanahacabibes: El Veral Nature Conserv. Area, in altit. approx. 10 20 in. 

Collected by M. Vales and A. Borhidi, 14. 12. 1974. No.: 91 

Cyrilla racemiflora L.: Cuba; Prov. Pinar del Rio; Sierra de Cajalbana, Conia Preluda 
in altit. approx. 150 m. Collected by M. Vales and A. Borhidi, 27. 11. 1974. No.: 70 

Lysiloma bahamensis Bentb.: Cuba; Prov. Matanzas; Peninsule of Zapata near to Piava 
Larga. Collected by M. Vales, 8. 4. 1974. No.: 122 

Myrsine cubana A. DC.: Cuba: Prov. Pinar del Rio; Peninsule of Guanahacabibes: El 
Veral Nature Conserv. Area, in altit. approx. 5 10 m. Collected by M. Vales and A. Borhidi, 

14. 12. 1974. No.: 104 

Mastichodendron foetidissimum (Jacq.) Cronq.: Cuba: Prov. Camagiiey; Sieara de 
Cubitas, Cerro Tuabaquey, in alt. approx. 300m. Collected by M. Vales 8. 5. 1975. No.:127. 

Linociera burnelioides Griseb.: Cuba: Prov. Pinar del Rio: Peninsule of Guanahacabibes: 
El Veral Nature Conserv. Area in altit. approx. 10 20 in. Collected by M. Vales and 

A. Borhidi, 12. 12. 1974. No.:78. 

The samples are registered in thè wood collection of thè Botanical Institute of thè Academy 
of Sciences of Cuba: Havanna. 
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AN ELECTRONMICROSCOPICAL STUDY 
OF CHLAMYDOMONAS MEDIA KLEBS 
(CHLOROPHYTA) IN WET STATE 


A. Eke , 1 E. Kalmàn 1 and Zs. P. Komàromy 2 

1. CENTRAL RESEARCH INSTITUTE FOR CHEMISTRY OF THE HUNGARIAN ACADEMY OF SCIENCES, 

BUDAPEST 

2. BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST 
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The recently developed electronmicroscopical technique allows thè study of bio- 
logical specimen in nearly naturai environments. The possible morphological changes 
in thè specimen caused by radiai ion was investigated. In thè case of thè Chlamydomonas 
media no obvious morphological changes could be ohserved during thè experiment. 


Introduction 

The endeavour to study thè hiological materials in thè wet state so as not to destroy 
thè structure hy drying is almost as old as thè Science of electron microscopy itself. A lot of 
efforts bave been made to overcome difficulties involved in carrying out experiments in high 
vacuimi. Static [Marton (1935), Dupouy et al. (1960) HVEM, Stoyanova et al. (1959), 
(Ieide (1962), Dupouy et al. (1962) HVEM, Escaig et al. (1966), Svvift et al. (1970) 
STEM, Furami et al. (1970), Allinson et al. (1972) HVEM, Morgan et al. (1973) — STEM] 
and dynamic [Ri sk \ (1942), Ito et al. (1958), Swann et al. (1971)—HVEM, doublé-stage, 
Ward et al. (1972) — HVEM, Matricardi et al. (1972) doublé-stage, Tighe et al. (1973) 
HVEM, Parsons et al. (1973) STEM, double-stage) chambers — with specimen space 
connected or separated bave been developed (see Fig. 1). (HVEM high voltage electron 
microscope; STEM scanning transmission electron microscope.) The problems posed by 
these chambers were discussed hy Karman et al. (1975, 1976). 
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Fig. 1. Environmental chambers (schematic) 
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Experimental 

The inicrochamber developed (Kàlmàn et al. 1976), [see Figs. 2 and 3; exit and entrance 
aperture and specimen layer (1), tube introducting wet-sample (2), sample-feeding (2*): 
sample-reservoir, 1 cm 3 injection-syringes (2**)] allows electromnicroscopical investigation 
of thè specimens in thè wet state which was thè first presentation of this phenomenon verified 
by specimen movement. The chainber is attached to thè Zeiss EF 4 electron-optical device 
[see Fig. 3: electron-optical column (5)]. The pressure in thè chainber approaches equilibrimi! 
and is maintained by water vapour coming froin a buffer System (3). A thin specimen layer 
is continually formed in thè chainber [Fig. 3: (2), (2*), (2**), (4)J. 

Further problems in thè electromnicroscopic study of biological materials are due to 
radiation damage (Glaeser 1975). The question may arise whether radiation causes any 
morphological changes in thè specimen under thè experimental conditions in thè micro- 
chainber: thè specimen in thè wet thin layer surrounded by water vapour is in motion: thè 
beam current ranges between 10 3 and 10 - A cm 2 ; accelerating voltage: ~t)7 kV; very short 
exposure time; temperature below 10 °C with continuous feed of fresh specimen. 

As it was to carry out thè experiments at lower equilibrium vapour pressure [liquid 
nitrogen cooled trap Fig. 4 (7) mounted around thè chainber prevents vapour from entering 
electron-optical column], below 10 °C, a biological specimen moving at low temperatures and 
sensitive to harmful outside effects was required. 

The electronmicroscopical picture appearing on thè screen [ZnS, Fig. 4 (9)|, was taken 
by thè cine-camera [Fig. 4 (6)] with thè window [Pb-Glass Fig. 4 (8)] of thè electron-optical 
column in between. The camera tvpe: Cameflex 35 inni, mounted outside thè electron-optical 
device. Recording of thè moving specimen in thè electron microscope was difficult, thè con- 
ventional photoplate-technique [Fig. 4 (10)] was too slow as thè necessary exposure time of 
thè moving pictures ranged between 1/30 to 1/250 sec and did not give quite satisfactory 
results. In order to improve thè quality of thè electronmicroscopical picture we must further 
develop our recording System (e.g. by use of an image intensifier, fibre optics and video re¬ 
corder). 



Fig. 2. The inicrochamber developed by Kàlmàn et al. 
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Fig 3. The microchamber attached to thè electron microscope. 
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Fig. 4. The inaili part of thè electron microscope 


Material 

On thè basis of theoretical and practical considerations [Artari (1913, 1914), Kater 
(1929), Lucksch (1932), Kuwada (1932)] some members of thè genus Chlamydomonas seem 
to he good for electromnicroscopical examinations. These organisms are relativelv small, with 
active rnotion and well visitile organella [e.g. flagella, eye-spot, pvrenoid, chloroplast (Piate 1, 
Fig. 5)]. On thè other hand, in early spring thè soil inhabiting Chlamydomonas species is able 
to form numerous swarmers (zoospores) in relatively short ti me. 

The celi mass of Chlamydomonas media Klebs — applied as object of examinations 
was obtained froin forest soil and its cultures can be found in thè Bot. Dept. Hung. Naturai 
History Museum. Budapest. 

The unialgal cultures of Chlamydomonas media were kept in Bold liquid medium Stein 

(1973). 

The individuai of Chlamydomonas media are ovoid in forni. The two equal flagella 
alvvays arise anteriorly, through a papilla-like thickening of thè membrane. The eye-spot is 
located at thè side of thè chloroplast. The bitter is basin-shaped with a lateral pyrenoid. The 
forni and location of cell-organella are variable. In thè material examined there were gameto- 
zoospores and vegetative cells as well. 

The gametozoospores of Chlamydomonas media are 11 13 /un long and 5 — 5.5 //in wide. 

The vegetative cells are 18 20 //in long and 9 1 l //m wide (Figs. 5 — 8). 

The mass of Chlamydomonas media cells was transferred into fresh Bold liquid media 
in thè Centr. Kes. Inst. Chein. Hung. Acad. Sci. Budapest, because thè cells loose their flagella 
already during a very careful transport. 

After 24 hours thè culture-medium was coloured bv numerous moving cells. A small 
area of culture-vessel was illuminated with cool light. The zoospores were accuinulated at this 
place by their fotoactivity, so thè cell-concentration was thè best for thè electromnicroscopical 
examination. 
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Fig. 5. The structure of thè vegetative celi of Chlamydomonas media: f flagella: pa — 
papilla; e — eyespot; c — celi wall: eh — chloroplast; p pyrenoid 
Fig. 6 . A vegetative celi of Chlamydomonas media; it was dyed by janus-green 
Figs 7- 8. Chlamydomonas media cells in different stages of life cycle (Komàromy 1976) 
7 — resting stage; 8 — vegetative reproduction formatimi of zoospores 
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Results 

The sensitivity of thè Chiamydonionas media cells was tested. Due to 
mechanical or Chemical effects (e.g. shaking, colouring matters, glycerol, distil- 
led water) thè moving cells draw in or come off their flagella. These procedures 



Figs 9 10. Chlamydomonas media specimen in dark field, lightmicroscope 9—10 living 

zoospores, thè flagella are in different position of thè move 
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were examined and photographed under traditional light microscope. Figs 9, 
10 and 11 show a Chlamydomonas celi moving about in thè media (light-micro- 
scopical picture, dark field). After introduction of glycerol, however, thè celi 
ceased to move and lost its flagella (see Fig. 12). 



Figs 13 16, The electronmicroscopical pictures of Chlamydomonas media specimen 


3 * 
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The electronmicroscopical pictures are shown in Figs 13—17. The inter- 
vai between consecutive exposures is 1/50 sec. The screen centre is marked bv 
a cross. The displacement is caused by thè shift of thè specimen layer. The 
active movement is hindered by thè streching out of thè flagella in thè thin 
(1000 À) liquid layer. N o obvious structural changes occur during thè examina- 
tion (with thè exception of thè possible contraction visible on Fig. 13). 




Fig. 17. Chlamydomonas media celi in thè microchamber 
Fig. 18. C.lado spor inm sphaerospermum , Allinson et al. (1973) (with kindly permission of 

M. S. Loveday) 


The efficiency of our technique was tested by comparing our results with 
those of Allinson et al. (1970) who used Cladosporium sphaerospermum spores 
in their investigations (see Fig. 18). The experiinent was carried out with an 
environmental celi (static chamber, with single crystal corundum Windows) 
in thè AEI EM7 electron microscope at 1000 kV. During thè experiment 
degradation (swelling and collapse) was observed as a function of current 
density. In spite of thè fact that thè Cladosporium sphaerospermum spores have 
rather thick celi walls, so their resistance are greater than that of Chlamydomo¬ 
nas cells with thin cellulose celi wall. 

The microchamber can also he applied for different electron-optical 
experiments as shown in Table 1, accordingly, it offers new possibilities in 
many fields of research (see e.g. liquid electron diffraction in Kalman et al. 
1974, 1977). 
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Table 1 

APPLICATION 


Chemical biologica! 


physical chemistry 

atmospheric 

Science 

live cells 

“in situ” 
studies 

inolecular 

biology 

structural studies of water, 
electrolyte Solutions and 
other liquids by electron 
diffraction 

rain and smog 
nucleations 

preventing 

structural 

modifications 

(drying) 

radiatimi 
sensitivity 
of cells func- 
tions 

ED. of wet 
protein crystals 
(conformation 
change with 
gases) 

Chemical reactions 
oxidation and other reac¬ 
tions at surface 
surface catalysis 
polymerisation 


inobility 

studies 

(cytoplasmic 

streeming) 

ecology 
toxicity 
of pollution 
gases to cells 

ED. of wet 
naturai and ar- 
tificial membr- 

anes 



freezing 

studies 

macroinolecular 

interactions 



(myosin -factin) 


space biology 

(gas bubbles in sensitive detec- 
cells and plas- tion of tumor- 
ina) specific anti- 

gen 

cancer research 
(early detection) 
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The frequently occuring sul)inergcd aquatic plant species of lake Baiatoli ( Cerato- 
phyllum subniersum , Hydrocharis morsus ranae, Myriophyllum spicatum , Najas marina , 
Potamogeton pectinatus, P. perfoliatus , Stratiotes aloides , Utricularia vulgaris) accumulate 
in their organism thè studied biogenic elements and heavy metals (N, P, K, Mg, Na, 
Fe, Mn, Zn, Sr, Pb, Cu), in different amounts, depending on their cation-selective abil- 
ities and geochemical environment. Floating water plants are able to accumulate heavy 
metals to 10 :j order of magnitude nitrogen, playing a part in thè eutrophication of thè 
water of thè lake, and phosphorus to IO 4 10 r> . On thè basis of thè examinations, thè 
biological indicator value of thè individuai species can be determined. 


Introdiiction 


Froni au ecosystem approach one of thè important tasks of thè lake-researches is thè 
study of one of thè producers of thè lake-ecosystem. The quantitative and qualitative relations 
(chemical coinposition) of thè submerged aquatic plants play in important part in thè nutrient 
cycle, thè changes in thè trophication level of thè individuai components of thè ecosystem, 
and in thè nutrient balance. 

According to thè literature, thè various aquatic plants accumulate in their organism 
considerale amounts of nitrogen and phosphorus, which play a part in thè eutrophication 
of lakes (cf. Allenby 1968; Bernatowicz 1969: Caines 1965; Reay 1972; Stoke 1967; 
1968; Tóth 1972; Tóth-Olàh and O. Tóth 1975; Wagner 1966; etc.). By accumulating heavy 
metals in their organism in a multifold amount (hundred and thousandfold) thè individuai 
oligo-elements and by reducing thè toxic effects on thè water of thè lake, certain species of 
submerged aquatic plants guarantes life space of other living organisins as well (cf. Adams Mac- 
Kenzif Cole and Pricet 1972; Adams—Cole and Massie 1973; Anderson — Brown and 
Kappleye 1966; Boyd 1970; Cowgill 1974; Eriksson and Mortimer 1975; DcMarte and 
Il aktman 1974; Mathis and Kevern 1975; Mortimer and Kl de 1975; Reay 1972; Stanley 
1974; V orobjev and Afanasyeva 1974; etc.). 

The chemical coinposition and element accumulatimi by aquatic plant species is not only 
connected with thè geochemical characteristics, chemical coinposition of thè biotops (water) 
but also with thè cation-selective a bili ty of definite species to accumulate certain elements 
to a greater extent. 


Material and methods 

In 1976—1977 thè following aquatic plant species were determined: 

Ce rato phyllum subniersum , Hydrocharis morsus-ranae , Myriophyllum spicatum , Najas 
marina , Potamogeton pedinatila , P. perfoliatus , Stratiotes aloides , Utricularia vulgaris. 

The sampling areas were as follows: Fonyód, Balatonberény, Gyenesdias, Vonyarcvas- 
hegy, Balatongybrok, Szigliget, Badacsony, Révfulòp, Balatonszepezd, Balatonudvari, Tihany, 
Balatonfuzfo —Balatonkenese. The elements determined: K, Na (flame-photometer), Mg, Mn, 
Fe, Zn, Sr, Pb, Cu (Unicam atoin-absorption spectrophotometer), N (K.JEHLDAHL digestion), 
P (molybdenum reagent). 
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Free C0 2 is missing from thè water of lake Balaton; thè water plants of thè lake cover 
their C0 2 demand from thè Ca(HC0 3 ), content of thè water. CaC0 3 form a precipitate on 
water plants and thè lime incrustation can hardly be removed from there. Therefore, thè Ca- 
contents of thè plants were not determined by us. 

The concentration factor* (Bowen 1956; Foster 1976: Morris and Bale 1975), and 
thè discrimination factor** (Furai 1964; Mayraud and Martin 1975), which in thè knowledge 
of thè water of thè lake Balaton (Table 1) and of thè Chemical compositions of thè individuai 
aquatic plants (Table 2) were calculated by us, are known from thè literature on algae. 


* Concentration factor 


** Discrimination factor 


eleinent content related to thè dry weight of thè plant, in ppm 

element content in water in //g/ml 

X/Y in thè plant dry matter content 
X/Y in thè water 


X and Y are thè two elements compared. The discrimination factor expresses thè quantitative 
connection between thè two elements, by taking into consideration thè ratio of thè two ele¬ 
ments in thè water. 


Occurrence of poly- and oligo-elements in water plants 


Nitrogen 

Nitrogen occurs in thè greatest quantity in thè Najas marina species (3.02%), Cerato- 
phyllum submersum (2.5%), Hydrocharis morsus-ranae (2.51%) and Utricularia vulgaris (2.44%). 
These aquatic plants inhabit littoral-zone thè shallow in reeds, where as a result of thè great 
organic matter production thè nutrient quantity which can be taken up and thè nitrogen 
quantity is considerably greater than that in thè open water of lake Balaton. 

In thè typical aquatic plants of thè open water of thè lake ( Myriophyllum spicatum , 
Potamogeton pectinatus , P. perfoliatus ), thè average values of thè nitrogen content are between 
1.44 and 1.83%. 

A correlation can be detected between thè nitrate-nitrogen content of thè water of thè 
lake and thè N-content of thè individuai aquatic plants (Figs 1 3). 



Fig. 1 . Correlation between thè N0 3 -content of water and thè N-content of Ceratophyllum 

submersum 
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Fig. 2. Correlation between thè N0 3 - ì\-content of water and thè N-content of Potamogeton 

pectinatus 



Fig. 3. Correlation between thè N0 3 — N-content of water and thè N-content of Potamogeton 

perfoliatus 


With regard to nitrogen, a sensitive biological indicator is for exaniple thè Ceratophyl- 
lum submersum. In thè bays of Keszthely and Szigliget, where thè total nitrogen and nitrate- 
nitrogen content of thè Jake is thè greatest (cf. Table 1), thè nitrogen content of thè leaf plant 
is over 3%. According to thè data of Tóth (1972) w here refuse w ater flows into thè lake thè 
nitrogen content of thè aquatic plants doubles. 

The aquatic plants of thè open water in thè area of thè coves of Keszthely and Szigliget 
also contain more nitrogen. Thus, thè nitrogen content of thè Potamogeton perfoliatus specie^ 
obtained from those areas was 1.53 1.84%, and in areas where thè nitrogen content of thè 

water is lower, thè plant contains only 1.02 — 1.14% nitrogen. 
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Table 1 


Chemical composition of thè water of lake Balaton 


Sampling place 

N, 

mg/1 

no 3 -N 

^g/ 1 

po 4 -p, 

/'g/ 1 

Mg, 

mg/1 

K, 

IU n 1 

1 Na, 
mg/1 

* Fe, 

| ywg/l 

Mn, 

/'g /! 

Zn, 

/'g/ 1 

Cu, 

/<g/» 

Keszthely 

1.215 

106 

7.7 

38 

5.5 

21 

340 

57 

50 

8 

Szigliget 

0.975 

104 

6.7 

38 

5.1 

18 

350 

41 

10 

7 

Badacsony — Fonyód 

0.985 

99 

6.7 

39 

5.5 

20 

325 

35 

10 

2 

R e vfulòp Balatonboglar 

0.967 

90 

5.5 

41 

5.5 

20 

220 

21 

20 

2 

Balatonszemes 

0.795 

77 

4.1 

42 

5.5 

20 

200 

17 

20 

2 

Cove of Bozsa Balatonfòldvàr 

0.683 

61 

4.1 

43 

5.5 

20 

— 

— 

— 

— 

Tihany 

0.743 

91 

4.1 

44 

5.7 

20 

— 

— 

— 

— 

Balatonfiired Siófok 

0.627 

101 

3.5 

44 

5.9 

22 

200 

11 

20 

7 

Balatonfnzfo 

0.629 

92 

5.7 

45 

5.9 

22 

255 

15 

10 

4 


N, N0 3 -N, P0 4 -P. Mg. Fe, Mn. Zn. Cu-data: Scientific Research Institute for Water 
Economy, 1973 —1975; K. Na-data: Németh and PÀSZTÓ 1976. 


Potassium 

The water of thè lake contains onlv potassium in a relatively small ainount (5.1 
5.9 mg/1; see Table 1); it is accuinulated hy thè aquatic plants to IO 3 order of magnitude, 
which is a considerably higher than thè magnesium or natriiun accumulated (see later). The 
potassium-accumulation by aquatic plants is primarily a species characteristic and it is to 
a lesser extent dependent 011 thè geochemical environinent Stratiotes aloides contains it in thè 
highest amount (4.25%); in Ceratophyllum submersum and Hydrocharis morsus-ranae its 
quantity is above 2%. A smaller quantity of potassium content is also characteristic of such 
aquatic plants of open waters (cf. Table 2). 


Table 2 


Element content of aquatic plant species 


Serial 

number 

Name of thè plant species 

Number ! 

Ashes 

K 

Na 

of samples 

% 

1 . 

Ceratophyllum submersum 

11 

19.2 

2.33 

0.63 

2. 

Hydrocharis morsus-ranae 

9 

19.0 

2.25 

1.14 

3. 

Myriophyllum spicalum 

11 

20.01 

1.20 

1.04 

4. 

Najas marina 

3 

17.13 

1.51 

0.65 

5. 

Potamogeton pectinatus 

7 

23.14 

1.47 

0.52 

6. 

P. perfoliatus 

14 

21.8 

1.06 

0.49 

7. 

Stratiotes aloides 

7 

25.6 

4.23 

1.00 

8. 

Utricularia vulgaris 

8 

22.9 

1.99 

1.01 
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Magnesiti m 

The water of lake Baiatoli which is a water with Ca-Mg-hydrocarbonate contains thè 
average 38 45 mg/1 Mg (Table 1). The quantity of magnesiuin is increasing along thè south- 

western (cove of Kesztheiy) and north-eastern (Balatonfiizfo) axis, while calciuin occurs in 
a decreasing quantity (NÉmetii— PàsztÓ 1976). This west-east directional change in thè mag- 
nesiuin content is also indicated by thè Chemical composition of Potamogeton perfoliatus , thè 
most common eharacteristic aquatic plant of thè lake. According to our sampling in 1976, 
thè magnesiuin content of thè aquatic plant in thè areas of Keszthely and Szigliget was 0.58 
0.84%, and in thè areas of Bulatonszepezd and Tihany it was 0.88 0.90%; thè Mg-content 

of thè plant increases parallel with that of thè water of thè lake. 

The plants examined accumulate this element to thè order of magnitude IO 2 . A greater 
quantity of Mg-content is eharacteristic of thè aquatic plants of thè littoral-zone (Table 2); 
Stratiotes aloides (cf. ULEHLOVA 1971) contains a quite considerable ainount of it. 


Nat ri uni 

Besides calciuin and magnesiuin, a large amount of natriuin is also present in thè water 
of lake Baiatoli (see Table 1); it is accuinulated by thè aquatic plant specie» and found to an 
extent of IO 2 order of magnitude. 

Hydrocharis morsus-ranae , Myriophyllum spiratimi , Stratiotes aloides and Utricularia 
vulgaris contain about 1% natriuin. 


Phosphorus 

The ortho-phosphate quantity of thè water of thè lake (PO,-P) is between 3.5 and 
7.7 //g/1; considerable amount of it can be measured in thè western basili of lake Baiatoli 
{ Keszthely— Szigliget Badacsony—Fonyód). The various aquatic plant species contain 0.17 — 
0.31% phosphorus on thè average. More is found in Ceralophyllum submersum; in thè samples 
obtained froni thè Ioaded lake-shore sections 0.62% can also be detected. This element is 
accumulated hy thè floating-leafed species at IO 5 order of magnitude. In thè eutrophication 
of thè water of thè lake, phosphorus and nitrogen play a significant parti thè different aquatic 
plant species are alile to accumulate these elements at IO 5 and IO 4 orders of magnitude. It is 
here that thè aquatic plants play an important part in thè life of thè lake (especially in that 
of a charged lake). They cut out thè two elements froin thè geochemical cycle for a definite 
period of tiine (vegetation period): but it should be noted that thè two elements continue to 
be present as a potential load in thè water of thè lake. 


in relation to thè dry matter 


Mg 

p 

N 

Mn 

Fe 

Zn 

Sr 


Cu 

ppm 

0.94 

0.31 

2.54 

985 

1206 

204 

21 

21 

12 

1.18 

0.25 

2.51 

464 

1077 

174 

35 

43 

19 

0.58 

0.24 

1.86 

463 

1187 

146 

92 

24 

9 

0.50 

0.26 

3.02 

427 

1453 

227 

68 

11 

9 

0.69 

0.17 

1.44 

387 

2030 

97 

152 

36 

7 

0.79 

0.22 

1.52 

120 

1112 

116 

172 

21 

10 

1.29 

0.19 

1.72 

459 

342 

156 

146 

23 

7 

0.87 

0.21 

2.44 

998 

1783 

185 

57 

29 

13 
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According to thè literature (Tóth, Olàh and O. Tóth 1975), thè phosphorus stabiliza- 
tion of thè aquatic plants is significant. According to thè investigations carried out in 1969 — 
1970, thè stand of aquatic plants in thè coves of Keszthely and Szigliget (75 000 kg of dry 
rnatter) tied down 225 kg of phosphorus. 


Iron 

The water of thè lake contains iron in thè highest amount among microelements (200— 
350 //g/1; Table 1); values above 300 //g/1 are characteristic of thè Keszthely— Szigliget Bada- 
csony—Fonyód area. The concentration factor of iron in thè floating species is IO 3 order of 
magnitude. 

Two of thè water plant species is remarkable with regard to iron contenti Potamogeton 
pectinatus contains it in a value of 2000 ppm, but according to our data, this element can be 
ineasured in thè samples obtained from thè Keszthely—Szigliget — Badacsony area — where 
thè Fe content of thè water of thè lake is above 300 //g/1 in a value of about 3000 ppm. 

A small quantity of iron content is characteristic of Stratiotes aloides. The plant con¬ 
tains it in 342 ppm on thè average; in thè sample obtained from thè cove of Keszthely only 
111 ppm could be measured. 


Manganese 

It occurs in thè water of thè lake in 11- 57 //g/1 amount, and siinilarly to thè quanti¬ 
tative occurence of iron, more can be detected in thè western basin of thè lake (cf. Table 1). 

With respect to manganese accumulation, two species can be emphasized, viz. Cerato- 
phyllum submersum and Utricularia vulgaris ; both species contains it in a value above 900 ppm, 
and in some of thè plants a value of 3000 ppm has also been detected. 

A relatively small Mn-content is characteristic of Potamogeton pectinatus and Polamo- 
geton perfoliatus. In spite of this Mn content, Potamogeton perfoliatus indicates thè changes in 
thè Mn-content of thè water of lake Baiatoli by its chemical coinposition. Parallel with thè 
decreasing Mn-content of thè water in thè direction of Southwest-Northeast, thè Mn-content 
of thè plant also decreases. In thè line of thè cove of Keszthely and Szigliget and Révfiilbp, 
thè Mn-content of thè aquatic plant species was between 104 and 211 ppm: to thè east from 
Balatonszepezd, only 95 48 ppm values were measurable. 


Zinc 

The zinc content of thè water of thè lake is 10 -20 //g/1: in thè cove of Keszthely it is 
50 //g/1. 

A fungicide k ‘Zineb”, may reach thè vineyards of thè Balaton-region by their being 
sprayed from air planes and it can be supposed that in thè forni of aerosol of by erosion it 
gets from these areas into thè water of thè lake. Zinc has been detected in largest amount in 
thè aguatic plants of thè lake-shore band, as for example in Ceratophyllum submersum , Hvdro- 
charis morsus-ranae , Najas marina , Utricularia vulgaris. Also in thè aquatic plant species men- 
tioned, Zn can be detected where there are larger extensions of vineyard areas, in thè vicinity 
of thè lake shore band of thè Balaton. 

The aquatic plants accumulating Zn at an order of magnitude IO 3 reduces thè toxicity 
of zinc. For thè Gammarus species, Zn reaching thè water is toxic in even a relatively small 
amount (Herbst 1966). 


Copper 

The water of thè lake contains only 2—8 //g/1 of copper: it can reach thè Balaton also 
from sprayed vineyard areas, with thè fungicide containing zinc (blue vitriol, “Cupromix”). 
This has been supported by our investigations, in thè Ceratophyllum submersum (31 ppm), 
Hydrocharis morsus-ranae (34 ppm), Utricularia vulgaris (24 ppm) samples, copper could be 
detected in greater ainounts than in those obtained from other habitats in thè Balaton. 
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Stronfium , lead 

Stron t in tu accumulation is a characteristic mainlyof Potaniogeton species* (Table 2), but 
Strai iotea aloides can also he classified as belonging here. 

Lead has been detected in a relatively greater amount in Hvdrocharis morsus-ranae and 
Potaniogeton pedinatila , especially in thè samples ohtained from thè area around Tihany 
Balatonfured. 


Concbisions and suminary 

An important biogeochemical function of plant species is thè changing 
geochemical environment (by thè concentration and scattering of elements). 
It is on thè basis of thè following characteristics that aquatic plant species 
can also influence thè water qualities: 

- The plant accumulates certain elements selectively in its organisi!), 
and thus thè phytomass contains them in a greater amount than does thè sur- 
roundings. Geochemical importance is attributed to mainly those elements 
which are capable of being accumulated in thè living organism in a quantity 
ten times, hundred times and even thousand times greater than that occuring 
in thè environment. 

lf, in a geochemical environment, an element occurs in a great con¬ 
centration and this is accumulated also in thè phytomass, thè rate of accumu¬ 
lation depends on thè geochemical characteristics of thè biotops. 

In thè submerged aquatic plant species of thè Balaton, both biogeochemical 
characteristics — which are often difficult to separate — can be found. Infor¬ 
mation on thè element accumulation characteristic of water plant species is 
given in Table 3. 

The various water plant species contain thè individuai elements not only 
in different quantities but also in different orders of magnitude (Table 4). 

Knowing of thè Chemical composition or element content of thè water 
of thè lake,we calculated thè concentration factor of thè elements examined 
in thè floating plants (Table 5). The individuai plant species can for a certain 
time accumulate nitrogen and phosphorus primarily playing a part in thè 
eutrophication of thè water — at orders of magnitude IO 4 and IO 5 . The oligo- 
elements and heavy metals occuring in a small quantity in thè geochemical 
environment accumulate at an order of magnitude IO 5 ; magnesium and 
natrium, occuring in greater amounts in thè water, is measurable in thè 
plants at an order of magnitude IO 2 . 

By thè discrimination factor calculated for thè various element pairs we 
can determine what elements are preferred by thè individuai floating plants 
(Table 6). Thus for example, Stratiotes aloides prefers K to Na, and manganese 
to Fe, or Sr to Mg. The Chemical differences in thè individuai plant species can 
also be read from thè discrimination factors. 

* Accordine to our further examinations, Potaniogeton criapua is also a kiud of species 
accumulating Sr. 
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Table 3 


Elemenl acciimulation in aquatic plani species 



N 

p 

K 

Na 

Mg 

Fe 

Mn 

Zìi 

Sr 

ph 

Cu 

Ceratophyllum submersum 


4* 

r~ 

+ 




4- 

+ 




Hydrocharis morsus-ranae 

-f 


+ 

4 

+ 



+ 



-L 

Myriophyllum spicatum 




+ 




+ 




Najas marina 

Potamogeton pectinatus 

+ 



+ 


+ 


4- 

+ 

+ 


P. perfoliatus 




+ 





4- 



Stratiotes aloides 

Utricularia vulgaris 

4- 


+ 

+ 

4* 


4" 

4- 

+ 




Table 4 

Order of elemenl accumulation in aquatic plani species 


Ceratophyllum submersum N 

Hydrocharis morsus-ranae N 

Myriophyllum spicatum N 

Najas marina N 

Potamogeton pectinatus N 

P. perfoliatus N 

Stratiotes aloides K 

Utricularia vulgaris N 


> 

K 

> 

Mg 

> 

Na 

> 

P 

> 

Fe 

> 

K 

> 

Mg 
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Na 

> 

P 

> 

Fe 

> 

K 

> 

Na 

> 

Mg 

> 

P 

> 

Fe 

> 

K 

> 

Na 

> 

Mg 

> 

P 

> 

Fe 

> 

K 

> 

Mg 

> 

Na 

> 

P 

> 

Fe 

> 

K 

> 

Mg 

> 

Na 

> 

P 

> 

Fe 

> 

N 

> 

Mg 

> 

Na 

> 

P 

> 

Mn 

> 

K 

> 

Na 

> 

Mg 

> 

P 

> 

Fe 


> 

Mn 

> 

Zn 

> 

Sr 

= 

Pb 

> 

Cu 

> 

Mn 

> 

Zn 

> 

Pb 

> 

Sr 

> 

Cu 

> 

Mn 

> 

Zn 

> 

Sr 

> 

Pb 

> 

Cu 

> 

Mn 

> 

Zn 

> 

Sr 

> 

Pb 

> 

Cu 

> 

Mn 

> 

Sr 

> 

Zn 

> 

Pb 

> 

Cu 

> 

Sr 

> 

Mn 

> 

Zn 

> 

Pb 

> 

Cu 

> 

Fe 

> 

Zn 

> 

Sr 

> 

Pb 

> 

Cu 

> 

Mn 

> 

Zn 

> 

Sr 

> 

Pb 

> 

Cu 
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Table 5 

Concentrution factor of element in floating aquatic plants (Ilydrocharis morsus-ranae , Stratiotes 
(iloides , Utricularia vulgaris) in relation lo thè chemical composition of thè water 

of lake II alatori 


p* 

10» 

N** 

IO 4 

Mn 

IO 4 

K 

IO 3 

Fe 

IO 3 

Zn 

IO 3 

Cu 

IO 3 

Na 

io- 

Mg 

io- 


* In relation to thè P0 4 -P-content of thè water. 
** In relation to thè total N-content of thè water. 


Table 6 


Discrimination factor for thè various element pairs 



Na/K. 

Mg/Sr 

Mn/Fe 

Mn/Cu 

Mn/Zn 

Fe/Cu 

Fe/Zn 

Cu/Zn 

Hydrocharis morsus-ranae 

0.14 

2.70 

4.18 

3.92 

1.90 

0.94 

1.07 

0.48 

Stratiotes aloides 

0.06 

0.71 

13.03 

10.54 

2.10 

0.81 

0.16 

0.20 

Utricularia vulgaris 

0.14 

1.22 

5.43 

12.34 

3.85 

2.28 

0.71 

0.31 


The poly- (K, Na, Mg, P, N) and oligo-elements (Fe, Mn, Zn, Sr, Pb, Cu) 
are contained in different quantities in thè individuai plant species, naniely 
thè total element contents are different in thè species examined. The poly- 
element content of thè plant species of thè littoral zone (Ceratophyllum sub - 
mersitììì , llydrocharis morsus-ranae , Najas marina , Stratiotes aloides, Utricularia 
vulgaris) is higher (5.94—8.45%) than tliat of thè plant species in thè open 
water (Myriophyrllum spicatum , Potamogeton pectinatus , P. perfoliatus; 4.08 — 
4.92%; Table 7). 

One of thè most dangerous aquatic plant species of thè Balaton, Stratiotes 
aloides is especially rich in elements; both by its chemical composition and 
great phytomass volume, it accelerates thè accumulations processes in tlie 
littoral zone of thè lake. This plant species wich has become rapidly spread- 
ing recently, differs from thè frequently occuring plant species of thè Balaton 
also by its chemical composition (it accumulates primarily thè alkali metals 
and thè alkali earth metals). 

The emerging of aquatic plant species in thè lake, their mass occurence, is 
not thè cause but thè consequence of thè loading which reaches thè water of 
thè lake. 
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Table 7 

Quantity of poly - and oligo-elements in thè aquatic plant species in lake Balaton 



T K, Na, Mg, P, N, 

% 

£ Fe, Mn, Zn, Sr, Pb, 
Cu, 

ppm 

Ceratophyllum submersum 

6.75 

2449 

Hydrocharis morsus-ranae 

7.33 

1812 

Myriophyllum spicatum 

4.92 

1921 

Najas marina 

5.94 

2195 

Potamogeton pectinatus 

4.29 

2709 

P. perfoliatus 

4.08 

1551 

Stratiotes aloides 

8.43 

1133 

Utricularia vulgaris 

6.52 

3065 


The aquatic plant species emerging as Constant concomitants in thè reeds 
of thè littoral zone (Ceratophyllum submersum , Hydrocharis morsus-ranae, Najas 
marina , Utricularia vulgaris , etc.) fix 2 — 3% of thè nitrogen, and accumulate 
a considerale quantity from thè nitrogen charge coming from thè direction 
of thè sliore, and from thè water of thè lake-shore band rich in nutrient mate¬ 
rial, and they “filtrate” thè water of thè lake. 

The aquatic plants of thè open water (Myriophyllum spicatum , Potamoge- 
ton pectinatus , P. perfoliatus ), with a nitrogen contents around 1.5%, extract 
by their great phytomass volume a considerale quantity of N and other ele- 
ments from thè open water of thè lake, for a certain time, thus, thè nutrients 
which reached thè lake-ecosystem become reserved. 

By their element-accumulating abilities, thè aquatic plants play a sign- 
ificant part in thè biological cleaning of thè water, and in reducing thè toxic 
effect of certain heavy metals. 
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TROPHIC STATE 
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Comparative taxonomical and biomass analyses of biotecton samples taken from 
natura] substrato — Typha latifolia L. — of waters of different trophic state were car- 
ried out in thè autumn of 1974. 

On thè basis of our experimental data it can be stated that thè composition of 
thè biotecton taken from thè naturai substrate is in correlation with thè trophic state 
of thè given water body and that thè greatest species diversity can be found in thè 
impendment of Olàhrét having meso-eutrophic state. 

The qualitative and quantitative composition of thè phyto- and zootecton taken 
from thè eutrophic fishpond of Polgàr is very similar to that found in thè meso-eutrophic 
conditions. In thè water of thè oligotrophic lake of Nyéklàdhaza, thè sinall number of 
algae species and individuai, as well as thè larger biomass — in comparison with thè 
higher degree of trophic state in thè other three water bodies — are characteristic of 
thè biotecton. 

In thè waters of nutrient enrichment and planktonic eutrophication — thè phyto- 
tecton similarly to thè macrophytes — is stroyly reduced and; owing to thè environ- 
mental factors becoming unfaronrabe. This indicates not only a trophic state but also 
an autosaprobitic one. From thè decrease in species diversity, and from our cluster 
analysis results, it can be inferred that thè composition of thè biotecton taken from 
thè polytrophic water of thè fishpond of Hortobàgy is to a large extent different 
from that found in mesotrophic-eutrophic ponds. 


Introduction 

For an accurate study of thè trophic state of an aquatic ecosystem, thè examination 
of thè biotecton (periphyton) is important. The part played by this characteristic biocenosis 
in changing and indicating thè quality of thè water can only be understood by studying several 
types of water which differ from one another essentially. 

The significant part played by thè benthonic plant complex — that is thè macrophyte 
and thè attached epiphitic phytotecton — together with thè phytoplankton in thè primary 
production of thè aquatic ecosystem has been analysed, in thè papers among others, by Allen 
(1971), Hargrave (1969), Straskraba (1963) and Wetzel (1964). This is especially so in 
small and shallow waters; in Dickman’s words (1968): “/n many small lakes thè algal peri¬ 
phyton may be a major contributor of fixed carbon (energy ).” With respect to shallow waters of 
Hungary (fishponds and iinpondments), thè examination of this question is stili in thè initial 
phase only, nevertheless, thè prospects for solving this task are prornising. 

The intensive enrichment is nutrients of our waters may be accompanied by an inten¬ 
sive biotecton formation, and thè “proliferating”, long-threaded, ribboned forms may disturb 
thè use of water, do not offer a pleasant view aesthetically, furthermore, may disfavourably 
influence thè quality of deeper water-layers. The endeavours started abroad which, on thè 
basis of thè results obtained from taxonomical, biomass-productional and chemical-energetical 
investigations into thè biotecton, classify thè ponds into types according to their trophic state 
(Butcher 1946; Pieczynska 1970; Szczepanski 1968, etc.). 


4 * 
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In our days, eutrophication is thè most significant and most generai among anthropo- 
genic damages caused in our waters. In thè life of waters, eutrophication is such a naturai 
successional process thè most remarkable feature of which is thè mass growth plant life in thè 
aquatic ecosystem. If we want to know thè rapidity and direction of thè changes ensuing in 
thè course of eutrophication of waters, we must cvaluate thè present situation, as far as pos- 
sible, from all biological aspects. In this way, notwithstanding thè fact that thè problem of 
such a scope of examinations into biotecton organisms is stili rather neglected, we can approach 
this complex set of problems more closely. 

In this paper thè comparative taxonomical and biomass investigations into thè bio¬ 
tecton samples taken from thè naturai substrate of water bodies of different trophic state will 
be reported from Tvpha latifolia L. —, which was carried out in thè autumn of 1974. 


Investigation sites 

1. The gravel pit of Nyékladhàza (Ny). — The gravel pit of thè ballast-digging at 
Nyéklàdhaza He in a SE direction, at a distance of a few kilometres from thè village. From 
a hydrological point of view, thè gravel pits are “closed basins”, without inlet and outlet, thus, 
their water supply is clearly of a moisture and mainly groundwater origin. The water body 
examined is thè last member of thè gravel pits lying on thè southern side of roadway No. 35. 
Its area is about 10 ha, at its deepest points a water-column of even 8—10 m was measured. 

In thè shallower water near thè shore, in accordance with its successional stage, thè 
submersed vegetation and thè stand of Typha latifolia L., which settled in spots, are signif¬ 
icant. The biotecton sampling sites were marked at thè NW end of thè pond, near thè road¬ 
way, in thè stand of Typha latifolia L. 

2. The irnpondment of Olàhrét (O). — This was made in 1964, to thè south of Csaszar- 
szallas. The average area of thè irnpondment in 60 ha, thè deepest point of its water is 3.2 m, 
its average depth is 1.0 —2.5 m. Its water exchange is regulated according to thè irrigation 
requirements of thè surrounding areas. 

In thè shallow parts of thè irnpondment, thè littoral vegetation is quite extensive. 
Alternatively, stands of Phragmites australis (Cav.) Trin. ex Steud and of Typha latifolia L. 
occur, and again of thè submersed pondweed vegetation thè Myriophyllum spicatum L. and 
Ceratophyllum demersum L. species can be emphasized. Our sampling area was marked in thè 
Typha latifolia L. stand occuring in thè Nagyrét branch of thè irnpondment, near thè NE shore. 

3. A fishpond of Polgar (P). — The fishponds of Polgar lie in thè northern part of one 
of thè small areas of thè Middle-Tisza region, thè Hortobagy. The examined fishpond lies im- 
mediately alongside thè roadway between Polgar and Tiszafiired, on thè western side of thè 
roadway. Its area is some 30 ha, thè average depth of water is between 0.8 and 1.5 m. 

The fishpond is lined by a large band of bulrush. The productivity of thè pond is attempt- 
ed to be increased by an intensive fertilization of combined farmyard manure and Chemical 
fertilizer. The biotecton samplings were taken from thè bulrush stand along thè northern shore- 
line perpendicular to thè roadway. 

4. A fishpond of Hortobagy (H). — The fishpond examined by us (its locai name is 
pond Derzsi) is a member of thè Ohat pondgroup of thè fishponds of Hortobagy. It lies im- 
mediately by thè roadway No. 33, to thè north of it. Its area is some 120 ha. The average depth 
of water is between 0.8 and 2.0 m. Its water exchange is determined by current viewpoints of 
fishery economy. 

The fishpond is lined by a band of bulrush, reed and club-rush. The shallower, mainly 
littoral water, is rich in stands of pondweed. The biotecton samplings were taken from thè 
Typha latifolia L. stand near thè access road branching off roadway No. 33. 


Materials and inethods 

Collecting samples from thè bottom-dwelling cominunities and biotectons is one of thè 
most difficult tasks in hydrobiology (Forsberg 1959: Juday 1924; Wood and Hargraves 
1969). This is especially true with respect to sampling from naturai substrates. 

The biotecton samples taken from bulrush for studying thè quality of water were 
delivered in glass-tubes — filled with tapwater at thè site — into thè laboratory where they 
were then processed. The biotecton was scraped off thoroughly from thè bulrush with an 
algae-scraper and then detailed biomass and taxonomical examinations were carried out on 
thè specimens. Although there were samplings on three occasions and we worked on a basis 
of doublé repetition, here only thè cumulated r^sults will be presented. 
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Plankton samples were collected by ladling thè surface water Troni thè neighbourhood 
of thè bulrush stand. In thè course of sampling we tneasured thè water depth, thè transparency 
(Secchi disc), thè temperature, and thè conductivity of thè water in a RADELKIS OK 102/1- 
type conductometer of thè laboratory. The determination of thè nitrogen content, and phos- 
phorus-forms in thè water, and of thè phytoplankton chlorophyll content, was based on thè 
work of Felfòldy (1974). 

The determination of thè exact wet weight of aquatic organisms and biotic communities 
is impeded hy thè water adhesing to their body, therefore, thè wet weight value can he used 
only for thè determination of thè dry matter weight. The biomass of thè biotecton specimens 
is also given in respect of thè dry weight; thè biomass had previously been dried at 105 °C. 
The determination of thè ash-free dry weight thè organic matter content was carried out in 
thè usuai way by putting it into thè heating furnace at 600 °C (Ravanko 1972). 

The number of planktonic plant organisms is related to one liter, while thè phytotecton 
members of thè biotecton to an area of 1 cm 2 . The zooplankton results are related to 10 liters, 
and again thè number of zootecton organisms to 100 cin 2 . 


Results and discussion 

In thè literature, several authors are of thè opinion (Bohr 1962; Hill- 
bricht-Ilkowska et al. 1972; Pieczyinska 1970; Szczepanska 1970; etc.) 
that for ecological and production biological investigations thè biotecton 
gathered in thè autuinn is thè most suitable, therefore, we also used thè bio¬ 
tecton collected in September and October. The plankton analysis results 
given in Table 1 contain only thè most important of those obtained from thè 
examinations carried out. The suinmary results of thè biotecton examinations 
are presented in Tables 2 and 3. 


Table 1 


The most important results of chemical and biological analyses into thè water bodies 

examined in September 1974 


Nyéklùdhàzu j 

Olahrét 

Polgar 

Hortokagy 

Water depth (cm) 


160 

40 

60 

80 

Transparency (cm) 


150 

30 

20 

10 

Water temperature. 

C° 

18.0 

16.5 

17.0 

17.1 

Conductivity, jiS 


486.6 

596.9 

465.9 

387.9 

Nitrate-N 


0.064 

0.084 

0.066 

0.064 

Nitrite-N 


0.000 

0.000 

0.000 

0.000 

Ammonia-N 


0.118 

0.441 

0.409 

0.331 

Inorganic bound-N 

N mg/1 

0.182 

0.525 

0.475 

0.395 

Organic bound-N 


0.680 

4.094 

2.205 

4.393 

Total-N 


0.862 

4.619 

2.680 

4.788 

Dissolved ortho-P 1 


0.003 

0.012 

0.025 

0.017 

Total dissolved-P 

[ P mg/1 

0.043 

0.127 

0.082 

0.110 

Total P I 

1 

0.086 

0.341 

0.341 

0.582 

Plankton chlorophyll-a 

8.34 

139.15 

142.52 

263.80 

Plankton total chlorophyll mg/m 3 > 

11.50 

186.50 

198.66 

363.34 

Total alga count (ind IO 6 • liter - *) J 

1.08 

183.02 

174.41 

467.59 

Total zooplankton count (ind. 10 l - ') 

987 

8004 

30 968 

29 056 
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Table 2 


The results of processing thè biotecton collected from thè Typha latifolia L. 
of water bodies with different trophic state September 1974 


IO 8 ind./cm* 

Nyéklàdhàza 

Olàhrét 

Polgàr 

Hortobagy 

Phytotecton 

Cyanophyta 

58.4 

91.3 

161.0 

192.0 

Chamaesiphon incrustans Gran. 

— 

+++ 

+ + + 

+ + 

Chamaesiphon oncobyrsoides Geitl. 

— 

— 

+ 

— 

Chroococcus minutus (Kg.) Nàg. 

+ 

— 

— 

— 

Gloeocapsa sp. 

4- 

— 

— 

— 

Lyngbya kiitzingii Schmidle 

+++ 

— 

+ + 

+ + + 

Lyngbya limnetica Lemm. 

— 

+4- 

— 

— 

Microcystis parasitica Kg. 

++ 

— 

— 

— 

Oscillatoria trichoides Szafer 

— 

— 

— 

+ 

Phormidium sp. 

+ 

+ 

— 


Schizothrix cuspidata W. 
et G. S. West 




+ 

Stigonema minutum (Agh.) Hassal 

+ 

— 

— 

-f 

Eugenophyta 

0.0 

7.9 

0.0 

0.0 

Phacus pleuronectes (Ehr.) Duj. 

- 

+ 

- 

— 

Xanthophyceae 

3.3 

0.0 

10.6 

0.0 

Botrydium sp. ? 

+ 

— 

— 

— 

Pseudocharacium sp. 

— 

— 

+ 

— 

Bacillariophyceae 

22.7 

150.8 

206.9 

130.8 

Achnanthes minutissima Kiitz. 

+ + 

— 

-f- 

+ 

Achenanthes ovalis Kiitz. 

+ 

— 

— 

+ 

Cocconeis placentula (Ehr.) 

— 

+ 

++ 

— 

Cymbella lanceolata (Ehr.) 

Yan Heurck 


+ 

_ 


Cymbella turgida (Greg.) Cleve 

— 

+ 

— 

— 

Cymbella ventricosa Kiitz. 

— 

+ 

+ 

— 

Epithemia zebra (Ehr.) Kiitz. 

+ + 

— 

— 

— 

Epithemia sorex (Kiitz. 

— 

+ + + 

— 

— 

Gomphonema acuminatum (Ehr.) 

— 

— 

— 

+ 

Gomphonema constrictum (Ehr.) 

— 

+ 

— 

— 

Gomphonema lanceolatum (Ehr.) 

— 

+ 

— 

— 

Gomphonema olivacaeum (Lyngb.) 
Kiitz. 


+ + 

+ + 

__ 

Melosira granulata (Ehr.) Ralfs 

— 

4- 

— 

— 

Navicula cryptocephala Kiitz. 

— 

++ 

— 

+ 

Navivula exigua (Gregory) 0. Miill. 

+ 

— 

— 

— 

Nitzschia kiitzingiana Hilse 

+ 

— 

— 

+ + 

Nitzschia palea (Kiitz.) W. Sm. 

+ 

+ 

+ 

+ 

Rhoicosphacnia curvata (Kiitz.) Gran. 

— 

+++ 

+ + + 

— 

Surirella ovata Kiitz. 

— 

++ 

— 

-f- 

Synedra ulna (Nitzsch.) Ehr. 

— 

++ 

— 

_L 

Chlorophyta 

97.9 

39.7 

52.9 

60.5 

Actinastrum hantzschii Lagerh. 

— 

+ 


— 

Ankistrodesmus acicularis 
(A. Br.) Korsch. 


+ 

+ 

_ 

Cladophora sp. 

+ + + 

+ + + 

+ 

— 

Crucigenia tetrapedia 

(Kirchn.) W. et G. S. West 

_ 

+ 

_ 

_ 

Lagerheimia genevensis Chod. 

— 

+ 

— 

— 
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Continued Table 2 


10* ind./cm* 

Nyékladhaza 

Olàhrét 

Polgàr 

Hortobigy 

Oocystis lacustris Lemm. 

J- 




Pediastrum duplex Meyen 

+ 

+ 

+ 

— 

Pediastrum simplex (Meyen p. p.) 





Lemm. 

— 

— 

— 

+ 

Protococcus viridis Agh. (u) 

+ 

— 

— 

— 

Scenedesmus acuminatus 





(Lagerh.) Chod. 

— 

+ 

— 

+ 

Scenedesmus quadricauda 





(Turp.) Bréb. 

+ 

+ 

+ 

— 

Scenedesmus spinosus Chod. 

— 

+ 

— 

— 

Staurastrum paradoxum Meyen 

— 

+ 

— 

— 

Tetraedron minimum (Al. Braun) 





Hansg. 

+ 

— 

— 

4- 

Trentepohlia sp. 

— 

— 

— 

-f 

Total organism 

182.3 

289.7 

431.4 

383.3 

Ind./100 cm 

Zootecton 

Protozoa 





Acineta sp. 

— 

21 

— 

— 

Epystilidae 

72 

3013 

2170 

128 

Holotrichidae 

— 

69 

— 

— 

Vorticella sp. 

— 

69 

— 

— 

Platyhelminthes 





Dugesia sp. 

2 

— 

— 

— 

Nemathelminthes 





Rhabditidae 

1484 

62 

798 

69 

Rotatoria 





Bdelloidea 

360 

560 

238 

395 

Brachionus rubens (Ehr.) 

— 

— 

98 

— 

Brachionus sp. 

36 

493 

— 

— 

Leeone sp. 

34 

20 

13 

— 

Lepadella patella (0. F. Muli.) 

— 

71 

— 

— 

Annelida 

Hirundinoidea 





Erpobdella octoculata (L.) 

— 

1 

— 

— 

Haementeria costata (Fr. Muli.) 

— 

1 

— 

— 

Bryozoa 





Plumatella repens (L.) 

— 

57 

— 

— 

Crustacea 





Cladocera A Iona sp. 

4 

6 

15 

13 

Ostracoda 

— 

— 

74 

- 

Copepoda 





Cyclopoida 

6 

7 

— 

10 

Copepodit 

7 

10 

32 

— 

Insecta 





Plecoptera 

— 

— 

2 

— 
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Continued Table 2 


ind./100*cm* 

Nyéklàdhàza 

Olàhrét 

Polgàr 

Hortobàgy 

Diptera 





Chironomidae < 0,5 cm 

7 

22 

2 

3 

Chironomidae > 0,5 cm 

— 

5 

— 

— 

Tabanidae 

— 

— 

6 

— 

Arachnoidea 





Argyroneta aquatica (Clerck) 

— 

— 

1 

— 

Hydracarina 

3 

1 

— 

— 

Mollusco 





Acroloxus lacustris (L.) 

- 

— 

5 

- 

Total organism 

2015 

4488 

3454 

618 


Table 3 

Biomass values of biotecton (phyto- and zootecton) collected 
from thè Typha latifolia L. of water bodies ivith different trophic state , 
September 1974 


mg/10cm* 

Dry weight 

Ash free dry 
weight 

Ash weight 

Nyéklàdhàza 

21.49 

9.12 

12.27 

Olàhrét 

10.02 

3.20 

6.82 

Polgàr 

9.77 

3.78 

5.99 

Hortobàgy 

7.70 

4.05 

3.65 


On thè basis of thè factors determining thè potential side of thè eutro- 
phieation — that is, thè quantity of thè plant nutrients (nitrogen and phos- 
phorus) and thè number of thè phytoplankton as well as thè concentration 
of chlorophyll — thè water of thè gravel pit at Nyéklàdhàza is oligotrophic, 
in comparison with thè meso-eutrophic character of thè water of thè impond- 
ment of Olàhrét, of thè two fishponds, thè water of thè fishpond at Polgàr is 
eutrophic and again thè polytrophic state and a planktonic eutrophication is 
characteristic of thè water of thè fishpond of Hortobàgy (Szabó et al. 1974). 

The distribution of thè planktonic algae is demonstrated in Fig. 1. As 
can be seen from thè figure, thè dominance of Cyanophyia and Chlorophyta is 
characteristic of thè waters of high trophic state. The value of distribution of 
phytotecton organisms (Figs 1 and 2) is to a certain extent different from that 


Acta Botanica Academiae Scientiarum Hungaricae 24, 19 8 





















COMPARATIVE ANALYSIS OF BIOTECTON SAMPLES 


291 


obtained from thè phytoplankton analysis, although thè number of individuala 
is in agreement with thè values expected on thè basis of thè trophic state. 

Butcher (1946), who examined thè distribution of thè periphyton (bio- 
tecton) of thè rivers in England for 15 years, and who evaluates thè biotecton 
qualitatively and quantitatively in thè grades of eutrophic state, has given thè 
following numerical values: 

eutrophic pond 2500—10 000 ind./mm 2 

oligotrophic pond 2 000 ind./mm 2 and below 

Naturally, thè above values only clarify thè problem broad outlines. 

Butcher’s results (1946) have been confirmed by thè measurements of 
Pieczynska and Szczepanska (1966) on thè basis of which thè number of 
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| | Cyanophyta 
0 Euglenophyta 
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Fig. 1. The quantity of plankton and biotecton (phyto-zoo) organisms collected from thè 
Typha latifolia L. stands of water bodies with different trophic state in September, 1974 
First column: phytoplankton and zooplankton respektively; Secord column: phytotecton 

and zootecton respectively 
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phytotecton individuals is greater in waters having greater trophic state. Our 
examinations partly testify this too; thè value of phytotecton gathered from 
pond Nyéklàdhàza falls below these values mentioned above. However, thè 
problem is not so simple and does not give such unambiguous results if thè 
qualitative composition is also analysed and thè zootecton organisms are also 
taken into consideration. As against thè three other water bodies, thè Chlorophyta 
phylum is dominant only in thè pond of Nyéklàdhàza. In accordance with thè 
autumn aspects, thè great number of filamentous Cyanophyta (Strockner and 
Armstrong 1971) is generally characteristic, but thè small-sized diatom algae, 
mainly in thè samples taken from thè impondment of Olàhrét and thè fishpond 
of Polgàr predominate. It seems necessary that besides giving thè number of 
individuals, we should also provide data on thè biomass of phytotectonic 
organisms and their production. This requires a great degree of professional 
knowledge, it is true, but it is indispensable with an accurate exploration of 
thè situation. By analysing thè results of our investigations, even though only 
is generai outlines, it seems that, owing to thè dominance of thè green algae, 
thè biomass of thè organisms is—in comparison with thè number of individ¬ 
uals of greater value in thè oligotrophic water of thè pond at Nyéklàdhàza 
than in that of thè three other ponds. Althougli we have inadequate experi- 
mental data, thè predominance of green algae in thè oligotrophic water may 
be explained by thè lower level of competition by thè planktonic organisms 
in thè “struggle” for nutrients, light and other factors. In waters of planktonic 
eutrophication, similarly to thè macrophyton (Olsen 1964; Wium-Anderson 



Fig. 2. The quantity and thè biomass of biotecton organisms collected from thè Typha lati - 
folia L. tands of water bodies with different trophic state, in September, 1974 
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1974; ctc.), thè phytotecton is also reduced and concentrated only in thè near- 
surface parts of thè substrate, while in thè deeper parts mainly heterotrophic 
organisms can be found. Parallely with thè rise of thè eutrophic state of thè 
water to a certain level, thè qualitative and quantitative composition of thè 
phytotecton also changes. Indications of that state, therefore are its great pro¬ 
duction, high chlorophyll content (StroHRver and Armstrong 1971; Szcze- 
panski 1968; etc.), changes in thè degree of diversity of thè community, and 
thè seasonal dynamism’s becoming irregular (Hargraves and Wood 1968; 
Pieczynska 1970), at a certain phase (in thè polytrophic state), thè structure 
of thè biotecton — owing to thè environmental factors’ becoming unfavour- 
able — indicates not only thè trophic state but also thè autosaprobity which 
is in organic unity with eutrophication. 

Of phytotecton and zootecton, which constitute an interacting System, 
zootecton as an operative unity is also fealt with in thè paper. Epistyllidae of 
settled life-form were found in great number in tlie zootecton specimens taken 
from thè iinpondment of Olàhrét, similarly to thè fishpond at Polgàr, but here, 
as a result of thè appearance of thè predatory and parasitic Hirudinidae and 
Crustacea, their number was reduced. It is interesting that nematodas live in 
great number only in thè phytotecton consisting of filamentous green and blue 
algae in thè pond of Nyéklàdhàza. Besides thè eu-zootecton members (e.g. 
Bdelloidea , Plumatella ; Lakatos 1975), thè mero- and xeno-biotecton organ¬ 
isms are also food of fisli (Prejs 1970), and thè changes taking place in their 
composition mainly in case of ponds can only be explained by thè activity of 
fish. Between thè settled phytotecton and zootecton organisms a peculiar 
struggle takes place for thè submersed substrate, which could be experienced 
in thè case of specimens taken from tlie impondment of Olàhrét. 

On thè basis of zootecton data of thè four water bodies examined we 
calculated thè Shannon’s species diversity values (//’), thè evenness (J), and 
thè diversity maximum ( H max ); thè results are given in Table 4. No diversity 
decrease known from thè literature (Moss 1973), and supposed on thè basis 
of phytoplankton results, was experienced in thè direction of oligo-trophic- 

Table 4 

Shannon’s diversity (H y ), evenness (J), species number (S), total number 
of individuals (N) and maximum diversity (H max ) calculated 
from thè zootecton data of four ponds 


w 

J 

s 

N 

Hmar 

Nyéklàdhàza 

1.27 

0.37 

11 

2015 

3.46 

Olàhrét 

1.73 

0.41 

18 

4488 

4.17 

Polgàr 

1.61 

0.44 

13 

3454 

3.70 

Hortobàgy 

1.49 

0.58 

6 

618 

2.58 
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mesotrophic-eutrophic-polytrophic water bodies. On thè basis of our investiga- 
tions, thè zootecton taken from thè impondment of mezo-eutrophic trophic 
state at Olàhrét proved of greatest diversity. Moss (1976), in thè case of species 
diversity calculated for epiphytal diatom algae, found that thè community 
in thè mesotrophic water body w^ more diverse than in thè eutrophic one. 
On thè basis of thè periphyton exaitfnations of Hargraves and Wood (1968), 
too, thè phytotecton obtained from thè mesotrophic pond was thè most diverse. 
As a basis for comparison, we now present Prejs’ (1977) species diversity index 
values (//’) which he calculated from thè results of investigations into thè 
benthic Nematoda of thè littoral ponds of different trophic state. These values 
also support those mentioned above: 


Late 

Trophity 

Littoral 

shallow 

deep 

Mikolajskie 

eutrophic 

2.3 

2.4 

Zarnowickie 

mesotrophic 

— 

2.8 

Char 

oligotrophic 

2.7 

2.4 


Our experimental results can he well compared with those of Pieczinski 
(1977), since thè Polisli author also obtained thè greatest species number and 
number of individuals for macroperiphyton (= macrozootecton) in thè meso¬ 
trophic late Taltowisko. 

In Table 5, thè number of thè common and thè particular phytotecton 
species is presented (in relation to one pair of ponds only). The results are 
similar to thè Sorensen’s similarity index values (Table 6) calculated from 
thè phytotecton data of thè four lakes, and to thè diversity results of thè zoo¬ 
tecton species, and thus show: 

a) thè pair of ponds in Olàhrét and Polgàr (great diversity), and 

b) thè pair of ponds in Nyéklàdhàza and Hortobàgy (small diversity). 

Moreover among thè individuai pairs thè greatest number of common 
species and thè smallest number of particular species can be noticed. Prejs 
(1977) States in his paper that thè similarity coefficient is especially different 

Table 5 


Number of common and particular phytotecton species in thè lakes examined , in pairs 



Ny 

0 

Ny P 

Ny 

« 

0 

p 1 

0 

H 

P 

H 

Particular 

14 

24 

13 9 

11 

10 

18 

4 

22 

11 

10 

13 

Common 

4 

5 

7 

10 

6 

4 
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betwcen thè mesotrophic and thè eu-polytrophic lakes and that species diver- 
sity decreases from thè mesotrophic bodies to thè polytrophic ones. Cheka- 
nowski’s similarity indices have been calculated from thè phytotecton’s 
frequency data of three degrees and from thè zootecton’s frequency data 
(Tables 7 and 8), and thè saine similarity cjfntrogram was obtained for clusters 
calculated from Soreivsen’s index as for clusters made on thè basis of thè 
former indices with WPGM fusion (Figs 3, 4 and 5). The values of thè cluster 
made from thè Chekanowski indices with thè WPGM method, and with thè 
use of thè transformed physico-chemical parameters measured in thè lakes 
which are most characteristic of trophic state — as well as thè values of thè 
dendrogram thus compiled (Fig. 6) are different from thè previous values. We 

Table 6 

The semi-matrix of thè Sòrensen’s similarity indices calculated from thè phytoteclon data 

of thè four ponds 



Nyéklàdhàza I 

Olahrét 

Polgàr 

Hortobàgy 

Nyéklàdhàza 

1.0000 

0.2105 

0.4545 

0.6667 

Olàhrét 


1.0000 

0.9091 

0.3636 

Polgàr 



1.0000 

0.3077 

Hortobàgy 




1.0000 


Table 7 

Czekanowski’s similarity indices calculated from thè frequency data 
of three grades of thè phytotecton 



Ny 

o 

p 

H 

Nyékladhaza 

1.0000 

0.1250 

0.2727 

0.4091 

Olahrét 


1.0000 

0.4918 

0.2258 

Polgàr 



1.0000 

0.2857 

Hortobàgy 




1.0000 


Table 8 

CzEK.ANOWSK.1’5 similarity indices calculated from thè frequency data 
of thè zootecton 



Ny 

_o 

p 

H 

Nyéklàdhàza 

1.0000 

0.3904 

0.4147 

0.1768 

Olàhrét 


1.0000 

0.2210 

0.2354 

Polgàr 



1.0000 

0.6298 

Hortobàgy 




1.0000 
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Fig. 3. Cluster compiled from Sòrensen’s indices, with WPGM method, on thè basis of thè 
presence or absence of phytotecton (Table 6) 

Fig. 4. Cluster compiled on thè basis of Czekanowski’s indices, with WPGM fusion, form 
thè quantitative data of three grades of thè algal biotecton (Table 7) 



Fig. 5. Cluster compiled on thè basis of Czekanowski’s indices with WPGM fusion, froro 
thè quantitative data of zootecton calculated for individual/cm 2 (Table 8) 

Fig. 6. Cluster calculated from Czekanowski’s indices, with WPGM method, on thè basis of 
thè transformed data of physical-chemical parameters measured in thè ponds (Table 9) 
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attempted with very great caution to find an explanation for thè relationship 
between oligotrophic-polytrophic and (b) meso-eutrophic — eutrophic lake 
pairs — experienced on thè basis of our biotecton examinations. 


Table 9 


The semi-matrix of thè Czekanowski’s indices calculated 
from thè physical-Chemical parameters of thè ponds 



Ny 

0 

p 

H 

Nyéklàdhàza 

1.0000 

0.1069 

0.2066 

0.1472 

Olàhrét 


1.0000 

1.0000 

0.6782 

Polgàr 



1.0000 

0.7053 

Hortobàgy 




1.0000 


The biological water quality indices of thè water bodies (Felfoldy 1976) 
can be analysed independently of each other, correspondingly to our practical 
requirements. Accordingly, a list of trophic States can for example be compiled 
for water bodies. In thè eutrophication series thus set up, however, beyond 
a certain threshold value of thè eutrophication, thè nutrient itself can have 
a less determining role, and as against this, thè importance of other abiotic 
factors may increase. “TYie positive relationship between estimates of primary 
production including standing crops of fresh ivater periphyton (biotecton) and 
water hardness is well documented ” (Brown 1973) If thè total hardness of thè 
four lakes is given in N°, thè following interesting results are obtained: 


Water-body 

Total hardness 

(N°) 

Nyékladhàza 

14.65 

Olàhrét 

11.85 

Polgàr 

10.10 

Hortobàgy 

7.06 


On thè basis of thè above data, and of other components of halobity, thè 
water bodies of Olàhrét and Polgàr can be considered in pair. However, thè 
importance, thè influencing role of biotical factors on thè structure of thè bio¬ 
tecton community, in addition to thè chemical character of thè water, cannot 
be left out of consideration either. This biotic effect — although it is difficult 
to be explored either quantitatively, or even qualitatively — can nevertheless 
be significant in a given case, as for example thè “grazing” of tlie herbivora 
organisms of thè zootecton and of thè animals of other communities on thè 
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biotecton. The host plant structure and physiological state of thè substratum, 
and thè role of other factors these effect is not satisfactorily known as yet, 
should also be mentioned. Therefore, it is only thè further examinations that 
will make it possible for us to give satisfactory answers to thè questions which 
have been raised, for this phenomenon is inexplicable on thè present evidence. 

In spite of thè difficulties mentioned above, it can be inferred that thè 
composition of thè biotecton collected from thè naturai substrate is related 
to thè trophic state of thè given water body, and it is thè most diverse in water 
bodies of meso-eutrophic state. In thè case of oligotrophic water bodies, thè 
large phytotecton biomass and thè community of low diversity are charac- 
teristic. Great similarity has been found between thè qualitative compositions 
of thè biotecton specimens taken from oligotrophic water bodies and from 
polytrophic ones. However, in our opinion, in thè latter case autosaprobity also 
plays a part. Further refinements in thè biotecton analysis, will enable us to 
use it for satisfactory detections of changes of smaller extent, too, since its 
results contain — in a condensed form — thè events of thè past and thè pre- 
cursors of tlie ensuing changes. 


Summary 

The hydrobiological examination of aquatic ecosystems can no longer be restricted to 
mere plankton analyses. We have to extend our work, especially in thè case of shallow lakes 
and water impondments, to thè study of thè benthonical complex, that is benthos and bio¬ 
tecton, as well. 

The results of thè comparative analyses into thè taxonomy and biomass of thè biotecton 
specimens collected in thè autumn of 1974 from thè naturai substratum (Typha latifolia L.) 
water bodies of different trophic state (thè pond of Nyéklàdhàza: oligotrophic; thè impond- 
ment of Olahrét: meso-eutrophic: thè pond of Polgàr: eutrophic, and thè pond of Hortobàgy: 
polytrophic), are in a positive relationship with thè eutrophication of thè water bodies exam- 
ined. 

It has been inferred that at a certain phase of thè succession process of eutrophication 
thè structure of biotecton — owing to thè environmental factors’ becoming unfavourable for 
it — indicates not only trophity but also autosaprobity constituting an organic unity with 
eutrophication. 

Through thè analytical results, in our present paper, we intended to touch on thè 
prospects lying in thè controlling role of biotecton in thè quality of water. Naturally, if we 
want to go further, thè study of many unanswered questions is necessary. 
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ADDITIONAL CONTR1BUTIONS TO THE KNOWLEDGE 
OF THE MELOCACTUS SPEC1ES OF CUBA 

By 

Z. Mészaros 

RESEARCH INSTITUTE FOR PLANT PROTECTION, BUDAPEST, HUNCARY 
(Receivcd: Aprii 10, 1978) 


The author published in thè volume 22 (1 2) of this periodical (1976) a mono* 

graphic study of thè Cuban Melocactus species enclosing thè descriptions of some new 
taxa. Simultaneoiisly A. Areces also descrihed two new Melocactus species from Cuba 
(M. actinacanthus and M. holguinensis) one of thein proved to be identical with M. 
jakusii Mészaros. This paper gives a new ranging for all thè published Cuban Melo- 
cactus taxa and a new complete analytical key for them. 


Introduction 

The study of thè Cuban Cacti has been getting under way during thè last decade. Ahout 
40 years after thè research activity of Leon it is a Cuban specialist again, Alberto E. 
Areces Mallea who has carried on studying thè Cactus-flora of Cuba. As a result of his 
work two Melocactus species were descrihed new to science (Areces 1976a, b). 

During my two year sojourn in Cuba (1973 1975) 1 tried to make a collection of Melo- 

cacti as complete as possible and to have a thorough knowledge of them. After my turning 
to Hungary summarized thè results in a monographic study and descrihed some new taxa 
(Mészaros 1976). Since at thè time of my further puhlication thè results of Areces were 
not known this paper will give an utmost complete review of thè Cuban Melocacti for thè 
time being. 


Results and discussion 


1. Melocactus actinacanthus Areces 1976 

(Ciencias Serie 10. Botànica Univ. Habana No. 9: 4.) This new species 
lives on serpentine rocks in thè Sierra de Agabama near to thè Rio Agabama 
(Las Villas Province). It was discovered by Areces and E. Del-Risco. The 
type specimen was collected in March 1974, and deposited in thè University 
Herbarium of Habana (HABJ). Description is after that of Areces as follows: 

Plants of small, flattened globose stature, not ramifying, with 8 9 ribs. Mature individ- 

uals of 9 13.5 cm height and 10.5—14.5 crn diameter. Ribs 1.7—5 cm wide, straight, verti- 

cally decurrent, protruding in 1 — 2.5 cm. Areoles ovate of a 1 2.2 cm long distance between 

them; 7 — 9 areoles per ribs. Bristles 5—6 per areoles, young ones purplish at thè apex of thè 
stem, older ones blackish-purple, later grayish-white or yellow, apically slightly darker. Central 
bristle absent, thè radiai ones curving towards thè body; thè uppermost one shortest, 0.8 
1.7 cm long, thè 4 latcral ones 1.5 2.2 cm. thè lowermost one slightly longer, 1.7 — 2.4 cm long. 

Cephalium depressed, diameter 5.5 — 6.5 cm, maximal height 3 cm, covered by white and dense 
lanuginous hairs and 1.5—2 cm long, reddish bristles. Flower purplish, tuhulate, 1.3 1.5 cin 

long and 0.4 —0.5 cm wide. Fruit thin, oblong-obovate, 1 1.5 cm long and 0.4—0.7 cm thick, 

pale pink at thè upper third, whitish at thè base. Seeds shiny black, 1 min of diameter. 
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Melocactus actinacanthus Areces is dose related to Melocactus matanzanus 
described by Leon at 1934. Both are belonging to thè Serie Matanzanus. 

2. Melocactus holguinensis Areces 1976 

(Ciencias Serie 10. Botànica Univ. Habana, No. 10: 3.) This species had 
been discovered originally by thè Hungarian geologist P. Jakus in 1973. It 
was he, who called my attention and led me to thè classic locality of thè species. 
The first authentic specimen was collected by P. Jakus and me in March 
of 1975. I recognized this species had to be considered as new to Science and 
named it after its discoverer Melocactus jakusii. I had described it as sson as 
thè summer of 1975 and presented to thè Acta Botanica Acad. Sci. Hung. in 
thè November, same year. Areces did not know this species in January, 1976 
either, nor its locality, but he was told, my description had been being in press. 
Later he got to ohtain information of thè type locality of Melocactus jakusii , 
visited it in February, 1976 and collected specimens describing them by thè 
name of Melocactus holguinensis. Since thè issue of a manuscript multiplied 
by phototyping took shorter time than that of a printed semiannual periodical, 
thè description of M. holguinensis had been published as soon as Aprii, 1976, 
while that of M. jakusii was issued in thè volume 1976 of this periodical 


Fig. 1. Type locality of Melocactus holguinensis Areces in thè NW slopes of thè Mt. Cerro 
Galano, with Mr. P. Jakus, discoverer of this species. Photo by Z. Mészàros in March, 1975 
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Fig. 2. Melocactus holguinensis Areces (Syn.: M. jakusii Mészaros) at thè type locality. 

Photo: Z. Mfszàros 


— after suffering a considerale delay — as late as February, 1977. So Melo- 
cactus jakusii — although it was described earlier — must be considered as 
a synonymon. 


3 . Review of thè Melocactus species of Cuba 

Considering thè recently described taxa, thè Melocactus species of Cuba 
can be listed as follows: 

Series Matanzanus Mészaros ser. nov. 

Plantae depressae vel semi globo sae^ verticaliter compressaci altitudine (sine 
cephalio) latitudinis minores , non ramificatae, Costae 5 —9; spinae areolarum 
vicinar uni remotae inter sese non tangentes , corpus versus curvatae , corpus plantae 
int >r spinas bene conspicuum . 

Species typica: Melocactus matanzanus Leon 
l.a. Melocactus matanzanus Leon 1934 
l.b. Melocactus actinacanthus Areces 1976 
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Series Guitartii Mészaros ser. nov. 

Piantele depressae vel globosae , altitudine (sine cephalio) latitudinis minores 
vel aequilongae , non ramificatae. Costae 11 —13, spinae dense dispositae , eae 
areolarum vicinarurn tangentes , radiales corpus versus recurvatae , centrales Z eia- 
ine. 

Species typica: Melocactus guitartii Leon 

2. Melocactus guitartii Leon 1934 

3. Melocactus holguinensìs Areces 1976 
(M. jakusii Mészaros 1976) 


Series Harlowii Mészaros ser. nov. 

Plantae ellipticae vel columnares, altitudine (sine cephalio) latitudinem supe- 
rantes , rnaturae frequentar ramificatae Spinae variae , eae areolarum vicinarurn 
tangentes , radiales centralesque plerumque sirniles , radiales non vel rarissime 
recurvatae. 

Species typica: Melocactus harlowii (Britton et Rose) \ aupel 

4. Melocactus harlowii agg. 

4.a. Melocactus harlowii (Britt. et Rose) Vaupel 1912 
4.1). Melocactus borhidii Mészaros 1976 

4. c. Melocactus evae Mészaros 1976 

5. Melocactus radoezii Mészaros 1976 

6. Melocactus acunai Leon 1934 

— ssp. acunai 

— — var . flavispinus Mészaros 1976 

— — var. acunai 

— ssp. lagunaènsis Mészaros 1976 

7. Melocactus nagyii Mészaros 1976 

4. Identification key to thè Melocactus taxa of Cuba 

Taking into consideration thè recently discovered new taxa. thè identification key of 
thè Cuban Melocacti is to he amplified as follows; 

Key to thè series: 

1 a Plants of small or medium size, flattened globulose to semiglobose, or their height not 

mudi differing from their diameter; not ramifying. Radiai and centrai bristles readily 
distinguishable; radiai ones curving towards body, centrai ones — if they exist — pro- 

truding or curving towards body .2 

b Plants of various sizes, more or less elongated or columellar, their height (without cepha- 
lium) always greater than their diameter. Mature individuata rather inclined to ramifica¬ 
toli (with different frequency in thè various species). Radiai and centrai bristles hardly 
distinguishable, radiai ones not or hardly curving towards body .Series Harlowii 

2 a Ribs less than 10, all bristles bending towards body, those of thè next areoles not meet¬ 

ing, body apparently conspicuous among thè bristles .Series Matanzanus 

b Ribs more than 10, bristles of thè next areoles meeting, radiai ones slightly bending 
towards body, centrai ones straight protruding, their length more than 2 cm 

Series Guitartii 
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Key to thè specics of thè Series Matanzanus: 

1 a Diameter of mature plants less than 10 cm, bristles 7-9 per areoles, centrai bristle 

present.M. matanzanus Leon 

b Diameter of mature plants more than 10 cm; bristles 5 — 6 per areoles, centrai bristle 
absent .M. actinacantlius Areces . . . 

Key to thè speries of thè Series Guitartii: 

1 a Flattened globose plants, height less (without cephalium) than its diameter. Bristles den- 

sely placed; thè two strong centrai hristles exceeding 3 cm .M. guitartii Leon 

b Globose or slightly ovate plants, broadest in their lower third or next to thè base; height 
identical with diameter or slightly higher (without cephalium). Bristles seem to he sparser, 
one or two centrai bristles generally 2 2.5 or at most 3 cm long .. M. holguinensis Areces 

Key to thè species of thè Series Harlowii: 

1 a Bristles extremely strong and thick, centrai ones exceeding 4 cm, and more than 3 min 
thiek at thè base. Stature large, columellar. often ramifying. branches oblong. A varying 


species, rich in locai forms .M. acunai Leon 

Cephalium bristles rigid, regularly arranged, fruit oblong-obovate .ssp. acunai 

Bristles brown .var. acunai 


Bristles honey-coloured, occasionally brownish at thè base var. flavispinus Mészaros 
Cephalium bristles soft, irregularly arranged, fruit short, widely obovate 

ssp. lagunaènsis Mészaros 

b Bristles thinner, if subuliform their length not reaching 4 cm, not thicker than 3 min at 
thè bsse; branches mostly globose .2 

2 a Bristles rigid, not elastic. Cephalium higher than wide; cephalium bristles loose, soft, 

more or less irregularly disposed, dull. Columellar plants of large stature, sometimes 

ramifying. A varying species, rich in locai forms .M. nagyii Mészaros 

b Bristles thinner, more or less elastic. Cephalium discoid, height sinaller than wide (excep- 
tionally that of old individuals elongated). Cephaliuin-bristles hard, strong. erect. regu¬ 
larly arranged and generally of vivid colouration .3 

3 a Stature large, globose or oblong-ovate (diameter 12—16 cm, height 11 — 18 cm without 

cephalium .M. harlowii (Britt. et Rose) Vaupel 

Fruit deep pinkish purple .f. harlowii 

Fruit white .f. candida Mészaros 

b Stature smaller in diameter (in fully grown state), generally less than 10 cm, exception- 
ally 10 12 cm .4 

4 a Slender, columellar plants, diameter of fully grown individuals not exceeding 6 — 8 cm, 

height at least twice greater; mature plant with 5—8 strikingly lanuginose areolar rows 

below cephalium. Flowers small, 7— 9 min wide .M. borhidii Mészaros 

b Stature smaller, oblong-ovate, diameter 8—10—(12) cm, height always greater than diam- 
eter but not one and a half or twice higher. Areolar rows below' cephalium hardly lanu- 
ginous. Flowers larger .5 

5 a Body densely ribbed (13 ribbs). Central bristles straight or slightly upcurving. Cephalium- 

bristles dull brown, sparsely spaced, diameter of full blown flowers greater than 20 min 

M. evae Mészaros 

b Body sparsely ribbed (10 ribbs). Central bristles definitely upcurving. Cephaliuin-bristles 
brighi, rufous, densely disposed. Diameter of full blown flowers 12—14 min or less 

M. radoczii Mészaros 
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EXPERIMENTAL ANALYSIS OF THE CONNECTION 
BETWEEN LEAF GROWTH AND INSECT 
CONSUMPTION* 


By 

M. Nagy 

DEPARTMENT OF BOTANY L. KOSSUTH UNIVERSITY, DEBRECEN 
(Received 19 Aprii, 1978) 


An experimental model analysis of insect consumption in foliage was carried out~ 
With thè growth of thè damaged leaf also thè area of thè holes increases. As thè 
growth rate of in thè various spots of thè leaf biade is not identical, thè holes which 
are initially of identical areas also become bave different areas and often different 
shapes as well. On this basis, thè species examined can he classified into three types 
(apical, basai and mediai) and two subtypes (abaxial, axial) of growth. 

The injuries caused by leaf-consuming insects continually expand and thus along 
with thè increase in thè average weight fading to a unit of leaf area during thè growth 
time, thè indirect damage becomes considerably greater than thè quantity of organie 
matter actually consumed hy thè insect. For thè approximation of thè actual damage, 
an ordinary mathematical correlation was applicd on thè basis of thè dose correlali n 
between thè growth indices. 


Introduction 

Heterotrophs regularly consuming thè leaves of forcst plants can influenca thè change? 
in yearly foliage production considerably. In thè sampling area of oakwood forcst at Sikfokut 
(Jakucs 1973) thè yearly loss in assimilating surfac s coming mainly from worm-eating fluc- 
tuates between 15— 40%, but thè maximum reached even as high as 54% in thè case of thè 
dominant tree of thè forest, Quercus petraea , in 1975 (Jakucs and Viràgii 1975; Viràgh 1977). 
The forest being in a dynamic stabilitv, thè organie matter waste was always supplemented 
within a short time by new shoots, and thus thè autotrophic production balance of thè forest 
became restored during thè vegetation period. 

Leaves consumed to different extents were also left on thè trees. The grow th of these 
leaves was investigated with experimental methods. Similar examinations were carried out 
in an American Liriodendron tulipifera forest by Reiciile et al. (1973), too. 

In thè forcst of thè Sikfokut Project thè foliage-consuming organisms are mainly thè 
stili young, strongly growing leaves. Those leaves which were consumed up to thè main rib 
died away shortly, those however which were damaged to a smaller or greater extent con- 
tinued growing (Fig. 1). Therefore, we wished to get answers to thè following main c|uestions: 

1. Does thè size of thè hole Iliade by thè folio-trophic organisms change parallel with 
thè leaf growth? 

2. If it does, 

to what extent? 

for how long? 

is there anv connection between thè growth rate of thè leaf arca and tliat of thè 

hole? 

to what extent is thè former connection suitable for estimation of thè initial state?" 

what kind of a connection exisls between thè quantity of leaves consumed by thè 
leaf-eaters and that of thè organie matter waste measured or estimated afterwards? In other 
words, what is thè quantity of actual consumption and how much does thè organie matter 
waste of thè plant originate from that consumption? 

* Sikfokut Project, No. 38. 
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Fig. 1. Leaves consumed to different extents 

3. What extent of damale is endurable for thè leaf during thè growth phase, or vvhat 
extent of dainage can cause its destruction? 


The method of examination 

We were led by thè aiin to carry out with quick and simple methods thè modelling of 
consumption dainages and their consequencies in thè living and growing leaves. 

The leaves of trees and shrubs selected were marked with numbers pressed on rotex- 
ribbons and fixed to thè branches. The activities of insects consuming thè middle of thè leaf 
biade were modelled hy punching with sharpened metal tubes of 2 mm diam. in smaller leaves 
and of 3 mm diam. in larger leaves. For modelling thè dainage caused by insects consuming 
thè edges of leaf blades, leaf pieces of different sizes were cut down. 

For an unbroken recording of thè changes, a new method was applied. Using sunlight 
(or, in very clouded weather, artificial light) contact copies were taken of thè living leaves on 
photocopying paper marked “Diazol S”. The light sensitivity of thè photocopying paper is 
relatively low. The person carrying out thè investigation can prepare it for exposition by keep- 
ing it in his own shade. The Diazol-paper is put underneath thè leaf, then a glass piate is put 
on thè leaf and exposed to light. The yellow-colour diazonium-salt decomposes in about 
10— 15 seconds in thè areas reached by light and thus thè positive sciagram picture is recorded. 
(In little light exposing to light for even 1 —1.5 minutes mav he necessary.) The exposed diazol- 
paper was then fixed in thè vapour of saturated NH 4 OH, in a darkened desiccator. In this 
way, thè picture of thè leaf biade becaine recorded in blue colour on a white basis. 

This method gives thè leaf contours, thè rib course becomes visible only in thè case of 
thin leaves. It is to he noted that only dry leaves are suitable for photocopying since water 
dissolves thè diazonium salt from thè photocopying paper. Imperfection can occur if thè leaf 
biade cracks when it is punched, or if it creases, moves away or tears while photocopying 
is made. 
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The investigations were carried out in 3 series: 

1. One hole was punched in one leaf biade. 

2. Several holes were punched in one leaf biade. 

3. The leaves were pruned to different extents (by removing 25%, 50% or 75% of thè 
leaf blades). 

Photocopying times were different in thè individuai species: on thè average, they fol- 
lowed a sequence of 3 4 or 7 10 days (see Table 1). 

In choosing thè species examined, we were led also by thè viewpoint that information 
should he obtained on thè most important forest-forniing trees and shruhs and in this way 
w r hat generalizations on thè experimental results can he made. We paid attention to thè leaf 
growth of a total of 29 species. There were 21 tree and shrub specimens and 8 lierb specimens. 
Most of thè data were provided by thè following species: 

— Acer tataricum li. 

Quercus robur L. 

Quercus cerris L. 

Tilia argentea Desf. 

Quercus rubra L. 

Platanus hybrida Brot. 

Catalpa bignonioides Walt. 

The bitter 3 species are not indigenous in Hungary, but their leaves grow (juickly and 
are large, thus thè changes are well observable on thein. In 1977, thè growth of more than 
800 leaves was examined. 

The investigations of light and shade-adapted leaves of plants were not separated. The 
comparison of these has already been carried out in a separate study (Jakucs and Viràgii 
1975). Silice our aim was to observe thè growth ratios within one leaf, thè numerical values 
were not influenced by thè differences coming from thè horizontal and vertical adjustement 
of thè leaves. 


Processing of thè photocopy data 


The photocopies of thè individuai leaves were processed in collection. The following 
data were measured in all copies: 

— leaf area (LA, min 2 ) 

— leaf length (LL, min) 

— leaf width (LW, min) 

— hole area (HA, min 2 ) 

location of thè hole in thè leaf biade (min; percentage of thè full length of thè leaf 
calculated from thè leaf base) 

distance of thè centre of thè holes from thè leaf base, measured from one another 
and thè apex (min) 

distortion of thè shapes of thè holes. 

The size of thè leaf area was measured with a min 2 -mesh (Evans 1972;. The determina¬ 
timi of thè hole area in thè case of holes greater than 25 inni 2 was carried out with a 1 min 2 
accuracy. In case of holes sinaller than 25 min 2 we measured thè diameters under preparatory 
microscope, at a magnification of 8 X and 16 X, w ith an accuracy of 0.1 min and thè area was 
calculated from them. 

The evaluation would have been complicated with thè actual values measured, there- 
fore dynamic relative numbers of a Constant basis were formed from them (Koves and Pàk- 
NICZKY 1975), which were nanied growth indices. Their syinbol is Gl. The Constant basis of 
comparison is thè data series obtained at thè time of thè first photocopying (T 0 ): dividing he 
this thè data series of thè later photocopying (Tj), we received easily feasible and well com¬ 
paratile measurement results. For example, thè area of an oak leaf (LA) was 320 min 2 at thè 
first measurement, and 3720 inni 2 at thè last measurement; thus, thè growth index of thè leaf 
area (GI L a) = 3720 : 320 = 11.62. The growth index sliows how niany times greater an indi¬ 
viduai measure of thè leaf is in thè period of investigation. 

In thè basic tahles, thè following data are given, besides thè preceding data (or in place 
of them): 
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— growth index of thè leaf area, GT L a 

— growth index of thè hole area. Gl ha 

— growth index of thè leaf width, GIlw 
growth index of thè leaf length, GIll 

— growth index of thè hole distanc^s, GIj-jd 

product of multiplying thè leaf length values hy thè width values 
square of thè indices of area incrcase 

product of multiplying thè indica of area increase in leaf and hole. 


Method of evaluating thè results 

To prove what kind and strength of correlation exists between thè increase in leaf area 
and of hole area, thè grow th indices were compared with one another by means of two-variable 
regression analyses. In thè course of this, thè paraineters of thè functions and thè regression 
equations were determined (Chapman 1976: Kershaw 1973). The regression calculations were 
rnainly carried out by reducing thè values into series of element numbers n 10: n 20 and 
n 40. Then by means of variane? analyses we determined probability level at which thè cor- 
relation between thè variables proves to be significant (Svàb 1973: Ezekiel and Fox 1970). 

In leaves with multiple holes we examined also thè growth characteristics of leaf widths 
and lengths. The leaf widths were measured at definite, well-identifiable points (5 — 7 measures 
on a leaf), then by starting from thè base towards thè peak, we measured thè distances between 
thè individuai holes. On thè basis of th' results of these two measure-series, thè growth tvpes 
of leaves were determined. 


Results 

Growth of leaves punched at one point 


The leaves of six plant species 50 pieces eaeh were punched with a sharp metal tube 
of 3 min diameter. Punching was in generai, carried out on 2 — 5 different pieces within on? 
species, in randomly chosen leaves, in thè first week of May whcn thè first photocopies were 
also prepared. At thè next measuiing we stated that at thè time of punching thè leaves of 
Acer campestre , Cratacgus monogyna and Ligustrum vulgare had already completed their growth 
to a large extent, and therefore we give now thè data of only 3 species. 

In Table 1 data of minimal and maximal values of leaf and hole growth indices of thè 
individuai species (columns 4 and 5) are prcsented. The determination coefficients calculated 
in thè course of regression analyses show thè correlations in increases in thè leaf and hole area 
(column 6). The results of variance calculations are given in calunni 7. 


Quercus robur L. 

The area incrcase indices of leaves and holes punched in thè centre of thè leaf show 
a remarkable agreement. In leaves punched in thè lower third, thè index of thè hole increase 
in eomparison with that of thè area increase is sinaller, while in these punched in thè upper 
third it was larger. When examining thè hole location at thè time of second measuring of thè 
sanie leaves we could see that thè hole (considering thè full length of thè leaf) moved from its 
initial place 5—8% downwards. Bnth of these phenomena can be explained only by thè more 
powerful growth of thè upper third of thè leaf. 

If we draw thè contour pictures taken in thè individuai growth phases of a leaf one 
on thè other, thè identical points of thè aging leaf can he connccted by a straight line. These 
lines intere ‘pt at one point (or in a relatively simili area), which is generai in thè vicinity of 
thè lower third of thè leaf. Outward from this point, thè uneven growth of thè leaf can he 
observed well: thè growth in width and length of thè apical part considerably surpasses that 
of thè basai part (Fig. 2). 

If thè growth index of thè leaf is taken as an independent variable (X), and that of 
thè hole as a dependent variable (Y), and thè data are deinonstrated in a coordinate System, 
thè linear correlation between thè two variables is well observable (Fig. 3a). 
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Fig. 2. Increase in thè area of an oak-tree leaf, at 4 phases of its growth (from inside towards 
«utside: state on 10 V, 13 V, and 6 VI), with thè main growth directions. The dotted area 
indicates thè initial hole and thè place and size of thè extended hole 

Quercus cerris L. 

The growth indices are very low r , which is an indication that we could ohserve only thè 
second phase of thè leaf grow th; While in punching at about thè centre of thè leaf area GI LA 
1.88; GI H/ \ 1.72 in generai — that is thè difference is very small in punching in thè 
lower third of thè leaves, thè tw r o averages are 2.36 and 1.77, namely, as a result of thè reduced 
growth of thè lower third of thè leaf thè growth rate of thè hole is substantially sinaller. 

The fact that thè punching took place in thè lower third of half of thè leaves brought 
thè result that thè correlation rate is smaller between thè two variahles, thè curve of thè 
regression line is flutter and thè confidence li mi ts are wider than those in thè preceding species 

(Fig. 3b). 


Acer tataricum L. 

The examinations were carried out in two repetitions and, for thè regression analyses, 
in each case 20 pieces were chosen from thè measured leaves. The determination coefficients 
are high, thè coefficient hands are narrow (Figs 3c and 3d). 

In comparison with oak leaves, thè leaf growth here is evener, which is also indicated 
by thè drawing made of thè growth phases of one of thè leaves (Fig. 4). 

The experiments carried out in thè three tree species proved that thè holes made by 
insects’ feeding become larger as a consequence of leaf growth. We have also obtained proof 
of thè leaf growth being not even. Certain parts of thè leaves grow at smaller intensity rates 
while other parts at a higher one, thus thè increase in thè injuries caused at various places 
of thè leaf cari also he of different extent. 

The growth of leaves holed at several points 

Punching at randomly chosen places could not possibly furnish satisfactory informatimi 
on thè generai regularities of hole and leaf growths. Therefore, such examinations were also 
arranged w here more than one hole (2 - SO holes) was cut in each leaf, in agreement with thè 
size of thè young leaf. 

liolings were in generai carried out along thè mairi ribs and subsidiary ribs. No newer 
holes were cut in thè leaves at later periods. 

The index of hole increase was determined on thè basis of thè meati values of thè indi¬ 
viduai hole areas. Besides, a comparison was made between thè individuai hole sizes and leaf 
areas and between thè increases in distances between thè holes thernselves and between holes 
and leaf edges. Part of thè basic data is given in Table 1. 


Aria Botanica Arademiue Scienliarum Hun/garicae 24, 1978 






312 


M. NAGY 


Fig. 


a. 


b. 


Qu. rob./2. Qu.c. 



d. 


A.t./I. 


A. t. / 2. 



3. Connection between thè leaf area (a:) and thè hole area (y). a) Quercus robur , b) Quercus 

cerris , c-d) Acer tataricum 



Fig • 4. Increase in thè area of an Acer tataricum leaf, at 5 phases of its growth (12, 15, 22, 
27 V and 14 VI), with thè growth directions. Dotted areas indicate holes 
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Table 1 


End values of thè leaf area and growth indices in thè importuni tree species examined , and thè 
results of thè regression analysis and variance calculated 


1 

2 

3 

4 

5 


6 


7 

Plani species 

Leaf size at ihe 
time of holing, 
min.-max., 
mm J 

Developed leaf size 
min.-max., 
mm* 

End values of leaf 
growth indices 

End values of thè 
indices of hole in- 
creases 

Mean values of deter¬ 
minatimi coefficients; 
significance level, P°„ 

Time of measuring 

Acer tataricum 

50- 800 

640- 3 800 

1.19— 32.80 

1.14 — 

22.28 

0.965; 

0.1% 

12, 15, 22 V, 14 VI 

Catalpa bignonioides 

200-1540 

13 020-51 390 

12.75-204.85 

13.61- 

182.99 

0.997: 

0.1% 

13, 16, 20 VI, 12, 30 VII 

Platanus hybrida 

640-4040 

13 620 22 010 

3.92- 

22.85 

4.94 

21.19 

0.935; 

0.1% 

8, 14, 20 VI, 20 VII 

Quercus cerris 

230- 990 

590- 1 670 

1.25- 

2.90 

1.28- 

2.85 

0.395; 

1.0% 

6, 13, 23 V 

Quercus robur 

175-1610 

530- 5 020 

1.52— 15.94 

1.57- 

15.71 

0.972; 

0.1% 

4, 11, 16, 29 V, 17 VI 

Quercus rubra 

300—3180 

3 420 20 270 

2.33- 31.46 

2.42- 

32.66 

0.862; 

0.1% 

13, 16, 20, 28 VI, 25 VII 

Tilia argentina 

115-5310 

6 770-38 480 

4.20-117.62 

8.62- 

139.16 

0.958; 

0.1% 

13, 16, 20, 23, 28 VI, 12 VII 


Table 2 

Changes in thè indices of length and u idth groxeth of Quercus robur leaves. starlingfrom thè leaf 

base towards thè peak 


Serial number 



Indices of thè increase in 

hole distance 


Indices 

of thè increase in thè leaf width at 

thè individuai holes 

of leaves 

A—1 

1—2 

2-3 

3—4 

4—5 

5—6 

—peak 

1 

2 

3 

4 

5 

6 

1 . 

1.0 

1.0 

1.25 

1.33 

1.50 

1.72 

1.80 

1.0 

1.20 

1.38 

1.52 

1.66 

1.83 

2. 

1.0 

1.12 

1.36 

1.71 

1.85 

2.28 

2.44 

1.0 

1.14 

1.50 

1.90 

2.00 

2.33 

3. 

1.30 

1.42 

1.55 

1.85 

1.92 


2.16 

1.46 

2.20 

1.66 

1.95 

1.82 


4. 

1.76 

2.42 

2.53 

3.33 



3.20 

1.93 

2.18 

2.68 

2.85 



5. 

1.21 

1.71 

1.78 

1.66 



1.83 

1.43 

1.70 

1.71 

1.80 



6. 

1.88 

1.81 

2.12 

2.66 



2.80 

1.61 

2.25 

3.38 

2.78 



7. 

1.14 

1.81 

2.50 

2.85 



2.83 

1.0 

2.12 

3.16 

3.00 



8. 

1.61 

2.16 

2.50 




2.80 

2.14 

2.30 

2.41 




9. 

2.0 

2.62 

3.75 




4.0 

2.0 

3.16 

3.63 




10 . 

2.13 

2.33 





3.36 

2.20 

3.11 






A —1: distance between thè leaf base and thè first hole 
peak: distance between thè last hole and thè peak 
\ — (?: number of holes 
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Q. 


Qu. rob./3. 

Y'= -0.26 ♦ 1.072 x 
r = 0.951 



b. 


Qu. rob./l. 

Y’= -0.87 ♦ 1.13e x 




i'ig. 5. Connection between increases in leaf area (*) and hole area (y). a-b) Quercus robur , 

c) Quercus rubra 
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Fig. 6. Developed leaves of apical growth type in Quercus robur and Quercus rubra. The dif- 
ferent enlarging of thè holes which had been identical initially, and its dose connection vvith 
thè growth indices, can he observed well. The values in thè centrai column are thè indices 
of thè incrcase in length of thè leaf areas between thè points of measurement indicated by 
arrows. The two extrenie colunins of values indicate thè indices of increase in leaf widths 
measured in thè points indicated by arrows 


Quercus robur L. and Quercus rubra L. 

Silice thè growth characteristics of thè two oak species leaves are similar, they can he 
evaluated together. The calculations showed a high degree of correlation here, also between 
thè LA and HA growths (Figs 5a, 5b, and 5c). 

The hole areas increased at about thè same intensity, on thè whole surface of thè leaf, 
after 2 — 3 days of punching. The differences in thè individuai holes became conspicuous after 
thè third day, in thè more intensive growth period. In thè basai part of thè leaf, thè hole 
growth soon slowed down, then it stopped. In thè direction of thè quickly and powerfully 
growing peak, thè size of thè holes becaine increasingly larger, and it decreased only in thè 
immediate vicinity of thè narrowing peak (Fig. 6). This regularity is demonstrated by Table 2. 
in which we present thè changes in thè growth indices of length and width in 10 Quercus robur 
leaves, in thè direction from thè leaf base towards thè peak. 

In certain large Quercus rubra leaves, thè holes lying alongside thè secondary ribs 
gradually become larger while receding towards thè edge of thè leaf, although they do so not 
to such a great extent as in thè direction of thè peak, alongside thè main rib. 


Tilia argentea Dcsf. 

The indiviuuals chosen were root shoots of strong growth which produced leaves of large 
surface (Fig. 7a). The growth indices of thè holes are in generai higher tlian those of area 
increase (Table 4). The probahle reason for this is that in a large part of thè leaves there were 
only 2—3 punching and these holes fell into thè stronger-growing zone. The unexpectcdly 
greater growth can also he caused by thè dying away of thè tissues at thè edges of thè great 
holes; this was observed in case of several leaves. 

Although thè leaf growth is relatively even, in those punched at thè early phase a 
tendency of development contrary to that of oak leaves can definitely he detected (Hg. 8). 


6 


Aria Botanica Acadcmiae Srientiarum Hungaricae 24, 1978 





316 


M. NAGY 


a. 

T.a. 

Y's 0.44 ♦ 1.334 x 



b. 

C.b. 

Y’= 0.06 ♦ 0.891 x 



Y'= 1.1 ♦0.887 x 



Fig. 7. Connection between increases in leaf area (*) and hole area (y). a) Tilia argentea, 
b) Catalpa bignonioides , c) Platanus hybrida 
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VI JJ VI.16. VI 20 vl 23 VI 28 


Fig. 8. Growth phases in Tilia argentea leaves (times of making thè photocopies: 13, 16, 20, 23, 28 VI). On thè right: thè 

developed leaf (10 x) 
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Catalpa bignonioides Walt. 

The changes in thè extreinely large-growing leaves could be traced well (Fig. 7b). The 
growth of thè leaf biade from thè peak towards thè base, and from thè edge of thè leaf towards 
thè mairi rib, becomes stronger (Fig. 9). The leaf of white poplar grows in a similar vvay (Table3; 
Fig. 10). 



Fig. 9. Catalpa bignonioides leaf of basal-axial growth type 



1.13 



Fig. 10. Popiilus alba leaf grow th. Left: growth indices for width; middle: for length. On thè 
right: another leaf, grown with characteristical hole series 
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Table 3 


Changes in thè indices of increase in ividths and lengths of Catalpa bignonioides (C. b.), Populus 
alba (P. a.) and Platanus hybrida (P. h.) leaves 


Species 


C. b. 
P. a. 
P. h. 


Indice» of thè 

increase in hole distances 



Indice» of thè increase in widths 



A—1 1—2 2—3 3—4 

4_5 ! 5—6 6—7 7—8 

—peak 

i 

2 ' 3 

4 5 

6 

7 

3.00 3.72 3.00 2.93 

2.87 2.70 2.40 2.35 

1.65 

2.69 

2.75 1 2.71 

2.67 2.57 

2.43 

2.28 

2.26 2.15 1.88 1.75 

1.31 

1.13 

1.82 

1.93 1.79 

1.75 1.54 

1.43 


1.83 2.66 2.89 3.07 

4.28 

3.25 

1.95 

2.21 2.36 

2.61 3.08 

2.75 



A—1: distance between thè leaf base and thè first hole 
— peak: distance between thè last hole and thè peak 
1 — 8: number of holes 


Table 4 


Comparisons between thè growth indices of thè species examined 


i 

2 

3 

- 1 - 

1 -*-! 

6 

7 

Plant species 

N 

GÌla 

GIha 

(GI LL ) ( GI LW ) 

(GÌla) : (GÌha) 

OMW% 

Acer tataricum/ 1J 

40 

6.70 

4.31 

5.89 

1.55 

1 

76.79 

Acer tataricum/2 

40 

3.42 

2.66 

3.17 

1.28 

62.40 

Catalpa bignonioides 

10 

79.27 

71.17 

63.60 

1.11 

98.59 

Platanus hybrida 

10 

11.07 

10.92 

10.38 

1.01 

90.84 

Quercus cerris 

20 

2.04 

1.86 

2.05 

1.09 

46.23 

Quercus robur/l 

20 

4.43 

4.17 

4.55 

1.06 

76.02 

Quercus robur/2 

54 

2.16 

2.34 

2.13 

0.92 

57.26 

Quercus rubra 

40 

11.74 

13.45 

10.77 

0.87 

92.56 

Tilia argentea 

40 

32.42 

47.40 

31.72 

0.68 

97.89 





x=0.97 



2: Number of specimens 
3 — 6: see thè explanation on p. 310. 

7: Organic Matter Waste originating from thè increase in hole, as a percentage of 
thè last hole area; calculated from thè data of column 4. 
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Platanus hybrida Brot. 

The intensity in leaf growth is gradually higher in thè direction froin thè base towards 
thè peak, and from thè mairi rib towards thè edge of thè leaf: it decreases only in thè vicinitv 
of thè narrowing peaks (Table 3: Fig. 11). The average of thè very different hole areas is in 
correlation with thè leaf areas (Fig. 7c). 



Fig. 11. Platanus hybrida leaves of apical-abaxial growth. On thè left: thè indices of length 
growth in thè hole series lying along thè three inaili ribs of thè leaf. On thè right: width growth 
indices of another leaf measured in thè areas indicated by arrows 


Growth data of pruned leaves 

The experiment was set, in a few repetitions, in Quercus robur and Quercus rubra leaves. 
We removed 25, 50 and 75% of thè leaf surfaces in different patterns (for exainple, left upper 
quarter, left lower quarter, apical half part, lateral half part, etc.). 

According to our observations, strongly darnaged leaves, which lost 75% of their sur- 
face, also continued growing and doing their assimilatory activities. Their lifetiine was identical 
with that of thè unholed leaves. At points where thè leaf biade was cut too near to thè mairi 
rib (within 1 inni), thè remaining part bent strongly in thè direction of thè holing (Fig. 12). 



Fig. 12. Growth rate of pruned Quercus robur leaf (16, 20, 25 VI). The initial leaf forni is 
indicated by dotting. The life tiine of thè strongly pruned leaf corresponded with that of thè 
whole leaves. The cause of thè bending away was that thè pruning took place too near to 

thè mairi rib 
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Accordili# to thè literature, thè epidermi» cells can (in thè course of their elon#ation) 
#row to a size 20—30 times greater than their initial volume (Maksymowych 1973: Cahh 1972: 
Kozlowski 1971; Sinnott 1960). In thè course of our experiment, a surface increase 14.43 
times higher than thè originai vvas measured as a maximum. 


Discussion 

General assessments of thè results 

Our measuremcnts proved unambiguously that thè injured area of thè 
leaf increases parallel with thè increase in thè leaf area. Vl ith thè completimi 
of leaf growth, also thè increase in thè liole Comes to an end. Owing to thè 
dying away of thè tissues around thè holes, these can expand flirther on. 

In Table 4, thè average values of thè growth indices related to thè individ¬ 
uai species are given. It appears from these data that thè differences between 
thè growth indices (columns 3 and 4) are minimal. In thè majority of species, 
thè indices of increases in holes are smaller. 

The connection between leaf widths and lengths, and thè leaf area, is also 
known from thè literature (Kubicek 1971; Cooper 1960; Milthorpe 1956). 
This connection can he found also between thè growth indices. The product of 
thè multiplication between indices of lengtli and width increases (Table 4, 
column 5) approximates thè values of thè growth indices of leaf area and hole 
area (column 3 and 4), and it is in generai smaller by only 15%. The value of 
this product is especially near to thè growth index of thè leaf area (column 3). 

Demonstrating thè growth indices of a leaf group by a curve, we can 
easily see thè very dose correlation among thè 3 criticai values (Figs 13a and 
13b). The growth grapli of a chosen leaf (Fig. 14), and a comparison between 
thè minimal, average and maximal growth indices (Fig. 15), show thè corre¬ 
lation well. 

It can he calculated from thè data of column 4 in Table 4 that thè area 
of thè hole punched by us is on thè average only 23% of that is thè developed 
leaf (3 resp. 7 min 2 ), while thè rest, that is 77% of thè whole punched area, 
is a result of thè leaf growth (column 7) ! This value depends on thè time of 
punching, and on thè state of development of thè leaf. 

The damages caused in various spots of thè leaf biade increase to a dif- 
ferent extent, but they are always in correlation with thè individuai leaf area. 
The cause of this is that thè leaf surface also does not grow to an even extent. 
On thè 1 >asis of thè growth characters of thè leaves measured in thè direction 
of their longitudinal axis, thè leaves examined were classified into thè follow- 
ing growth types: 

— Apical types thè growth rate of thè leaf is smaller at thè base, it 
accelerates towards thè peak. Growth soon stops at thè base, and it finishes 
at thè peak at thè latest. 
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Fig. 13. Growth indices in thè rising order of values. a) 20 Quercus robur leaves; b) 10 Platanus 
hybrida leaves. L: number of leaves: Gl: growth index: LA: leaf area; HA: hole area; X: thè 
product of multiplying thè leaf width by thè leaf length 


LA HA 
mm 2 



Fig. 14. Growth curve of a Catalpa bignonioides leaf. On thè linear coordinate: times of 
observation. LA: leaf area, HA: hole area. Gl: growth index. 1 growth index of leaf area; 
2 growth index of hole area; 3 product of multiplying thè growth indices of leaf length by leaf 

width 
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Fig. 15. Minimale average and maximal growth indices of thè leaf areas (A) and thè hole 
areas (B) of five examined piant species. 1 Quercus cerris , 2 4 Quercus robur , 5, 7 Acer 
tataricum , 6 Platanus hybrida , 5 Quercus rubra 


— Basai type. Growth finishes at thè peak and its vicinity thè soonest, 
and in thè vicinity of thè base thè latest. 

— Mediai type. Growth rate is highest at around thè leaf centre; it 
decreases towards thè base and thè peak. 

On thè basis of thè grow th observed in thè direction vertical to thè longi- 
tudinal axis, a further two types can he distinguished: 

— Abaxial : thè growth rate increases in thè direction from thè main rib 
towards thè edges of thè leaf. 

— Axial: thè growth rate increases in thè direction from thè edge of thè 
leaf towards thè midrib. 

On thè basis of what has been said above, we can state that thè leaves 
of, for example, Platanus hybrida are apical-abaxial; those Populus alba are 
basal-axial; and of Ailanthus altissima mediai. 

These growth types are not identical with thè basiplast and pleuroplast 
developmental types described in thè morphological literature (Schuepp 1966), 
or with thè adaxial and marginai growth forms (Cutter 1961; Esau 1965; 
Cloves 1961). 

In many cases, thè form of thè holes lying in thè grown leaves is strongly 
distorted. This can have many causes: 

— The punching of thè leaf took place at a time when thè young leaf 
biade had not yet become smoothed and thè originai injury had also not been 
of a circular form (for example, Tilia , Fig. 8). 

— One edge of thè hole touched a large rib and thè hole increased along- 
side thè rib further in a straight line. 

— As a result of thè holing which tore thè main rib or thè secondary rib, 
thè leaf form became distorted. In case of injury to a main rib, thè peak in- 
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clined downward, in inany cases it became destroyed, when a secondary rib 
was injured, thè side with thè hole in it began to shrivel. Thus thè hole became 
irregular, and owing to thè shrivelling difficult to measure. 

— Holes grown to an elliptical or ovai forni are frequent. This was always 
observed in rib angles (see Figs 6 and 10). The longer axis of thè hole shows 
thè direction of stronger growth. 

In addition to thè causes mentioned above (multiplication, extension, 
differentiation), thè increase in thè holes can be influenced by thè fact tliat 
thè cells in thè sphere of thè hole die away. For example, thè dying away 
could be observed in a band of 140—150 micron in Acer platanoides , and in 
a band larger than 1 mm in thè case of Catalpa and Platanus. 

In a few cases, thè tissue structure of thè lioling zone was examined. 
It was found tliat thè leaf narrows in thè direction of thè hole, thè palisade 
iayer disappears, and thè injury becomes covered by a tissue consisting of 
parenchymatous cells, w ith a thick cuticle on thè marginai celi row. 

Estimation of thè initial size of thè damage 

On thè basis of our results, thè possibility may arise for a more accurate 
explanation of thè activity of foliage-consuming organs.* According to thè 
examinations carried out in thè “Sikfokut Project” area in 1973—75, thè 
Quercus petraea leaves had an average weight of 4.95 ing/cm 2 at thè beginning 
of May, and in thè middle of August they had 9.5 mg/cm 2 (Yiràgh 1977). This 
ineans that if thè area of thè hole consumed in thè leaf did not grow, 1 cm 2 
of thè leaf area consumed in May would represent a leaf phytomass loss of 4.55 
mg/cm 2 during 3.5 inonth for thè plant. If on thè other hand we calculate 
that thè hole area increases five times to its initial size at least, then thè lack 
of 1 cm 2 leaf area w ili mean a lack of 47.5 mg phytomass by thè tiine of thè 
completion of growth, that is, in comparison with thè actual consumption, thè 
damage can be even ten times greater. Moreover, this value does not include 
thè lack of thè organic matter that as a result of thè inissing operation of 
thè disappeared assiinilatory surface is transported away from thè leaf. Thus, 
thè insect causes niuch greater damage indirectly, wdtli thè organic matter 
waste originating from grow th than it does directly by its consumption. 

It is also a fact that thè plants in thè stand, being in a dynamic equi- 
librium, can to a certain extent compensate these losses by developing new 
shoots and leaves — this. however. does not alter tlie above facts. 

The period of leaf growth is rather short. According to Busgen and 
Munch (1931), thè greatest extension of oak leaves take place in 10 —14 days. 
Moore (1965), Acer and Parthenocissus put thè time of grow th and aging of 

* Although thè experiments were carried out in Debrecen, our observations can be 
taken as of generai validity. 
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leaves at 80 days each in thè course of thè 200-day life-cycle. Kienholz (1941) 
describes a 30-day growth period in thè case of white ash, heech and red oak. 
According to Johnston (1941), thè Quercus alba and Qu. stellata leaves grow 
only for 19 days, and 90% of their growth takes 11 days. From our own inesure- 
ments, carried out in 1977, it can he established that thè leaves of thè trees 
examined finish their growth in 3 — 4 weeks; thè most intensive phase is limited 
to 7 —15 days (see Fig. 14). The greatest damage generally oecurs in tliis period. 

To ascertain actual extent of thè damage caused by lioling, a satisfactory 
point of departure is given hy thè fact that thè product of multiplication 
between indices of leaf growth in width and those in length is in correlatimi 
with thè indices of area increase; on thè other liand, there is a dose relation- 
ship between thè growth indices of leaf areas and hole areas. Taking all this 
into consideration (hy knowing thè time of shooting, growth and of thè insect 
consumption in leaves), we can operate with thè following equation: 


HA ' ( GI ll ) • (GI lw ) + « + 6; ° r HAì GI l \ 6 

where 

HA y thè hole area to he fomiti (consumed surfaee), min 2 

HA* = consumed surfaee measured (estiinated) at thè time of assessinent, nnn 2 
Gl ll growth index of thè leaf length 

Gl la growth index of thè leaf area 

a 10% °f thè product of multiplication between indices of growth in length and in 

width 

b = correction 

Correction is necessary because of thè uneven growth of thè leaf biade. 
According to our observation so far, thè value of correction can he taken an 
zero in thè middle one tliird of thè leaf, and in thè upper and lower thirds it 
is negative or positive according to thè growth type of thè leaf. 

The estimation metliod was checked with thè help of our experimental 
material. In thè course of thè investigations, thè method can he further im- 
proved. Knowing thè leaf weights given for 1 cm 2 surfaee, thè insect damage 
can he estiinated not only for surfaee but also for weight. 
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MUTAGENIC EFFECTS OF PESTICIDES; I. 
CYTOLOGICAL EFFECTS ON SOME SUBSTITUTED 
UREA HERBICIDES IN BARLEY 
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Substituted urea-type active ingradients of nine herbicides (diuron, linuron, 
inonolinuron, chlorbromuron, inetoxuron, isoproturon, metobromuron, methabenz- 
thiazuron, chloroxuron) were tested for introduction of chromosome aberration and 
inhibition of seed germination in barley ( Hordeum vulgare L.). The lethal and LC S0 
values were estimated for active ingredients of each herbicide. Lethal dose values were 
found between 300 and 1200 ppm, thè LC 5P values were estimated to be between 
250 and 1000 ppm. 

The mutagenic effects proved to be different in each Chemical as judged by thè 
root tip metaphase analyses. The frequencies of aberrant cells were ranging between 
2.54 and 10.97 per cent. Aberration frequency exceeded that of 2.3 X IO 3 M EI treat¬ 
ment (5.96%) in thè case of monolinuron (10.97%), chlorbromuron (8.06%), meto¬ 
bromuron (6.68%) and methabenzthiazuron (6.26%), but they never reached thè 
y-ray (10 000 R) treatment level (12.06%). The prolongation of thè treatment greatly 
increased thè frequency values of thè aberrations in thè case of methabenzthiazuron, 
chlorbromuron and isoproturon. Increase of herbicide concentration resulted in higher 
proportion of fragments in thè aberrant cells. Each herbicide induced predominantly 
chroinatid type aberrations like thè EI. The duration of thè treatment did not influence 
thè type of chroinosomal changes. 


Introduction 


Increased application of pesticides in agriculture in thè last few years has led some 
workers to investigate genetic alterations caused by these Chemicals (Veleminsky and Gich- 
NER 1963; Wuu and Grant 1966; Ahmed and Grant 1972). In practice, however, pesticide 
effects were usually confined to economie questions and toxicity tests on thè crop plants 
neglecting thè possible genetic effects. In Hungary Furedi et al. (1975) investigated thè effects 
of certain pesticides on different pea strains. They could not fimi increased mutation rate in 
thè filial generations. 

The universality of thè genetic material theoretically permits rough estimations of 
Chemicals in different test systeins (e.g. gene mutations in microbial System, chromosome aber¬ 
rations in plants, etc.). 

Among higher plants thè barley (Hordeum vulgare) appears to be suitable for mutagenic 
testings, because it has low chromosome number, relatively large chromosomes where struc- 
tural changes are easily detectable. 

Herbicides of substituted urea-type bave long been widely used in agriculture. Their 
mutagenic effect, however, has hardly been considered, although their Chemical structure 
suggest this possibility. For this reason we chose to study thè genetic effects of substituted 
urea-type herbicides currently applied in Hungary. The present paper reports on cytogenetic 
effects observable in barley root tips after treatments with nine different herbicides. 
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Table 1 


Trade names , composition arui Chemical structure of thè compounds tested 


Common name 


Chemical name 


Structural formula 


Trade name 


Diuron 

(3-/3,4-dichlorophenyl/-1,1 -diinethyl- 
11 rea) 

CI-^~^-NH-CO-N (CH 3 ) 2 

Lucenit 80 WP 

Li miro n 

(3-/3,4-dichlorophenyl/-l-inethoxy- 

1-methylurea) 


Afalon 50 WP 

Monoliiiuron 

(3-/4-chlorophenyl/-l-inethoxy- 

1-niethyliirea) 


Aresin 50 WP 

Chlorbromuron 

(3-/4-bromo-3-chloropheiiyl/-l-niethoxy- 

l-methylurea) 

Br-^VNH-CO-NC®^ 3 

C |A=/ CH 3 

Maloran 50 WP 

Metoxuron 

(3-/3-chloro-4-methoxy-phenyl/-l,l -di- 
methylurea) 

CH 3° “Cy NH ' C0 ' N (CH 3 >2 

CI ^— ' 

Pu ri ve 1 80 WP 

I so prò turo ri 

(l-/4-isopropylphenyl/-3,3-dimethyl- 

urea) 

| H3 /=\ 

CH-fVNH-CO-N (CHj)j 

ch 3 

Arelon 50 WP 

Metobroinuron 

(3-/4-broinopheiiyl/-l-methoxy- 

1-niethylurea) 

Br-^-NH-CO-NC^Hj 

Patoran 50 WP 
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Methabenzthiazuron 


Tribunil 70 WP 


Chloroxuron 


( 1 -/2-benzothiazolyl/-l ,3-dimethyl- 
urea) 



N 

II 

C-N-CO-NH-CH, 

i 

CH, 


(3-[4-/4-chlorophenoxy/phenyl]-l ,1-di- 
methylurea) 

ethyleniinine 



Tenoran 50 WP 


All thè Chemicals were provided hy thè Institute f’or Plant Protection, Budapest. 
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Material and methods 

From thè substituted urea-type herbicides currently used in thè Hungarian agriculture 
nine were tested. Treatment were made with active ingredients. Their international, trade and 
eheniical names, structural forinats are listed in Table 1. 

Chemical substances were dissolved in distilled water, diinethylsulfoxide (DMSO) or 
methanol, according to their solubility. Monoli miro n and metoxuron were dissolved in water; 
diuron, linuron, chlorbromuron, metobroinuron, and chloroxuron at first in DMSO, isoproturon 
and methabenzthiazuron at first in methanol and diluted with water afterwards. 

For thè cytological test a Hungarian strain of diploid barley (Hordeum vulgare , Mv-43, 
2n = 14) was used. The effects of DMSO and methanol in thè final concentration (0.2%) was 
also checked and found to be identical with thè water control. 

In order to estimate thè toxic effects on thè seedlings, each herbicide was studied in 
a series of concentrations from 100 to 1200 ppm. Depending on thè toxicity, seeds were treated 
with 100 to 600 ppm Solutions for thè cytological tests. For investigation of dose effect, each 
Chemical was applied in three different concentrations. The duration at treatments was 6 or 
12 hours. 

As negative control distilled water, as positive control 10 krad 7 -ray ( 60 Co, 384 rad/min) 
and 2.3 X 10 ~ 3 M ethyleniinine (EI) was used. The alkylating agent (EI) was applied for 
3 hours. 

The treatments with thè herbicides were run in 4—4 parallels and their total results 
are presented here. Significancy was studied with t test. 200 barley seeds were germinated in 
each experiment, 50 in each parallel. The 50 dry seeds were placed into 200 mi herbicide solu¬ 
tion for 6 or 12 hours. Then thè seeds were washed in running water and placed 011 moist filter 
paper in a Petri dish, and kept in 24 °C thermostat for 26 — 36 hours. After thè estimation of 
gerinination per cent, 3 — 5 min long root tips were chosen for cytological analysis. The analysis 
was made on metaphase chroinosomes of thè dividing root tip ineristem cells. In order to 
accumulate metaphase plates, thè gerininating seeds were pretreated with 0.01 per cent 
colhicine solution. Fixation, staining and squash preparations were done according to Gil- 
YAROVSKAYA (1973). 

Experimental results 

1. The effects of herbicides on thè germination of barley seeds 

The nine herbicide Chemicals were tested in different concentrations with 
6 and 12 hours treatments, respectively. Figure 1 illustrates thè germination 
decreasing effects, thè letlial and LC 50 values. Chemicals are groupped in 
Fig. 1 according to their toxicity. 6 and 12 hours long treatments are presented 
separately. It can he concluded, that some herbicides (methoxuron, metha¬ 
benzthiazuron and monolinuron) are not influenced by thè length of thè treat¬ 
ments, while others show consideratale differences of LC 50 values and letality 
after 6 or 12 hours. Treatments with metoxuron, chlorbromuron and metha¬ 
benzthiazuron show 10% decrease of germination below LC 50 dose in thè 
12 hours treatment. 

It is clear from Fig. 1, that lethal and LC 50 values are very different in 
thè nine Chemicals. Diuron virtually inhibits germination at 300 ppm, while 
similar effect can he achieved with chloroxuron at 1200 ppm only. 

The LC 50 values also reflect thè toxicity differences above mentioned. 
The lowest concentrations used in our experiments did not influence thè 
germination after 6 hours treatment. In thè case of chloroxuron even thè 
12 hours 400 ppm treatment was not different from thè negative control. This 
herbicide resulted decreased germination only at 600 ppm and higher con¬ 
centrations. 
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Fili. 1. Effect of exposition and herbicidc concentration on germination of barley. A 6 hours, 

B — 12 hours 


Concentrations below thè LC 50 values exhibited concentration depending 
effects after 6 hours with strongly toxic substances only. Dose relationship is 
more obvious after 12 hours with each chemical. 
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Table 2 

Frequency and distribution of types of chromosome aberrations induced by hvrbicidvs in Hordeum root tips 
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Table 2 (Continued) 

Frequency and distribution of types of chromosome aberrations iuduced by herbicides in Hordeum root tips 
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Fig. 2. Percentagc of chroinosome aberrations induced by herbicidcs in barley root tips. 
(A) inonolinuron, (B) isoproturon, (C) metobromuron, (D) chlorbromuron, (E) linuron, 
(F) inethabenzthiazuron. □ 6 hosur ■ 12 hours 


2. Cytological effects of thè herbicides 

In order to study thè cytological effects of thè active ingrediente of 
herbicides, suitable positive and negative Controls were selected. y-ray and EI 
were used as positive Controls while germination in water was applicd as thè 
negative one. The doses of thè positive control were calculated not to decrease 
germination below 90%. 

Doses at or higher tlian LC 5() concentrations strongly decreased celi divi- 
sions, therefore lower values had to he applied. Doses of treatments were 
chosen where thè decrease of mitotic divisions did not extend 50 per cent. 
The cytological results are presented in Table 2 and Fig. 2. 

As can he seen in Table 2 thè two positive Controls, thè y-ray and thè 
EI treatments, caused chromosome aberrations in 12.06% and 5.96%, respec- 
tively. The majority of herbicides similarly caused chromosome structural 
changes. The frequency of aberrations in diuron and chloroxuron treatments 
has not proven to be significantly higher tlian tliat of thè negative control. Trea 
tments witli metoxuron exhibited significant (p < 0.05) effect at 600 ppm only. 

The other Chemicals caused chromosome aberrations witli various fre- 
quencies. The strongest effect was observed in treatments witli rnonolinuron 
and chlorbromuron reaching 10.97% aberrations. 

The prolongation of thè treatments to 12 hours usually increased thè 
effect. The highest increase was found witli methabenzthiazuron. Monolinuron 
and chlorbromuron also considerably amplified thè effect. 
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Monolinuron, chlorbromuron, metobromuron and metbabenzthiazuron ca- 
used aberrations in higher percentage than EI but did not reach that of tbe y-ray. 

The types of aberrations are also summarized in Table 2. y-ray treat- 
ments caused predominantly (72% of all abnormalities) reunion-type dicen- 
tric, ring) damages and less frequently (15%) breaks. The EI treatments are 
characterized by chromatid-type aberrations. Out of thè aberrations observed 
66% were chroinatid translocation type and about 15% fragment. The majority 
of spontaneous aberrations found in thè water control was chromatid type, 
61% being translocational and 26% fragment. 

The aberrations observed after herbicide treatments were also inainly 
chromatid-type aberrations. The type of aberrations did not change with thè 
different herbicides or with thè duration of treatment, but it is apparently 
effected by their concentrations. Higher doses increased thè probability of 
fragmentations as compared with translocational types. 

In thè case of monolinuron treatments for example, thè proportion of 
fragmentation is 15% after 100 ppm treatment and 31% after 200 ppm. On 
thè other hand, similar values for translocation are 80% and 59%, respectively. 

Our statements on dose dependence are valid for thè lower concentrations 
only, because of thè characteristic relationship of cytogenetic and toxic effects. 
The different aberrations mentioned in Table 2 are illustrated in Figs 3 — 5. 

Discussion 

It is cruciai to distinguali thè toxic and mutagenic components of thè 
biological effects of herbicides. In assessing their impacts in thè environment 
thè two effects should he considered with different stress. Most of thè pesticide 
studies so far published cover thè toxic effects only. Some papers dealing with 
cytogenetic effects on barley (Wuu and Grant 1966; Gichner, Caul and 
Omura 1968) study thè aberrations observed at anaphase. Our results with 
analysis of metaphase abnormalities show considerably more detailed picture. 
The frequency of aberrations at metaphase is 1.5 to 2 times higher than that 
of thè anaphases (Conger 1965). Metaphase analysis therefore better ensure 
thè quantitative as well as qualitative assessments of aberrations. 

In our experiments thè active ingredients of herbicides interferred, 
although to different degrees, with thè germination and also caused chromo- 
some abnormalities. The highest toxicity was found in treatments with diuron 
and linuron, while thè lowest such effects were found with chloroxuron and 
chlorbromuron. Comparing toxicity and mutagenicity it can be concluded that 
with certain Chemicals higher toxicity found at prolongated treatments does 
not mean increased chromosome aberrations as well. In thè chlorbromuron and 
methabenzthiazuron treatments thè decreased germination rates were parallel- 
ed with increased mutation rates while similar relationship has not been 
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Piate 1. Chromatid-type aberrations observed in Hordeum root tip celi». (A) Chromatid 
breaks (fragment). (B) Chromatid acentric ring. (C - I)) Isochromatid break with sister 
chromatid reunion. (E - P") Chromatid interchange 
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Piate 2. Chromosome-type aberrations observed in Hordeum root tip cells. (A) Acentric frag- 
inent (terminal deletions). (B) Dot deletions (interstitial deletions). (C) Centric ring. (D) 
Acentric ring. (E—F) Dicentric aberrations (asyminetrical interchange) 
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Piate 3. Types of aherrations observed in Hordeum root tip cells. (A) Chromatid-type gap^ 
(B) Chromosoine-type gap. (C—I)) Chromosome dumping. (E) Chroinosome stickiness. 
(F) Extreme fragmentation of chromosoines. 
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Fig. 3. Normal chromosome set of Hordeum root tip cells (G) 


observed in thè metoxuron treatments. On thè other hand. thè prolongation 
of thè treatments of isoproturon resulted in higher chromosome aherration 
frequency but apparently did not change germinability. 

Cytogenetic effects of herbicide treatments were detected as breakage 
and reunion-type aberrations. As a result of chromosome or chromatid break¬ 
age, dicentric chromosome, ring, isolocus break with reunion or translocation 
could be observed in thè microscopie preparations. Gaps sometimes observed 
on chromosomes can be regarded as achromatic lesions unstainable with thè 
Feulgen method (Evans et al. 1975). Breaks induced by chemical mutagens 
and ionizing radiation have been reported by several authors (e.g. Evans 1962; 
Kihlman 1966). 

In our experiments thè y-ray irradiation caused more reunions as frag- 
ments, while thè other positive control, EI induced reunions and fragments 
almost in thè same amount. The herbicide treatments produced mostly chro- 
matid-type reunions, fragments appearing largely at higher concentrations 
only. 

The mechanism of chromosome breakage and reunion is not clearly 
understood. Hypothetic explanations are given by Revel (1958) and Wolff 
(1963). 

Published results regarding mutagen effects of substituted urea-type 
Chemicals are contradictory. Wuu and Grant (1966) found monuron and 
linuron to be mutagenic. Among thè substituted ureas N-nitroso-N-methvl 
urea and N-nitroso-N-ethyl urea are also mutagens, their effect has been 
demonstrated in barley (Gichner 1968). On thè other hand, Tomkins and 
Grant (1972) could not find chromosome aberrations in metobromuron treat- 
ments, only physiological effects were observed (growth retardation and 
decreased germinability). Mutagen effect of metobromuron demonstrated in 
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our experiment in possibly due to thè different dissolving procedure (thè above 
authors used only water). Similarly ,the different mutagenic and physiological 
effects of thè nine chemically very similar herbicides ought to be explaned. 
Perhaps Chemical and or physico-chemical properties of thè inolecules (sudi 
as structure, hydrophilic or hydrophobic nature, etc.) are responsible for bio- 
logical diffcrcnces, like celi membrane permeability or interference with vari- 
ous metabolic pathways, which in turn realize thè observed effects. It follows, 
therefore, that active ingredients like thè diuron, which was so toxic to barley, 
tliat we could not detect its putative mutagen effect in a reliable way, might 
be mutagenic in some other test Systems. The supposed mutagen nature of thè 
Chemicals we tested has been proven in our experiments but further studies 
are required to clarify thè reasons of thè observed differences. 

The mechanism of thè action herbicides is known in few cases only, and 
this is understandable considering thè complicatness of thè effect. It is known 
however, that chromosome stickincss, sometimes also observed in our experi¬ 
ments, can be connected with disturbations of nucleic acid metabolisins (Dar- 
lington 1942) induced by thè herbicide treatment. Presumably, thè toxic and 
mutagenic effects are not expressed directly on thè nucleic acids but rather 
indirectly trought proteina or enzyme systems. 

Regarding thè practical application of herbicides our generai conclusion 
is that toxic and mutagenic doses of a certain Chemicals are often different. 
A concentration toxic for thè weed occasionally might reach thè mutagenic 
dose level of thè cultivated crop plants. This inay cause cummulative genetic 
harm in thè progeny of a seed-corn growing culture. Beside thè toxicological 
test thè genetic risk estimatimi is therefore also necessary in thè case of each 
crop plant. 
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A decreased chromosome iiuinber (2n 48) derivate (F 5 ) of thè alloploid hybrid 

(2ii = 72) of N. tabacum (Kentucky) X IV. glauca was used to raise “haploid” plants by 
anthere culture. 

Karyotype analysis of thè plantlets with 24 chromosomes indicates that some 
chromosoines of N. tabacum were eliminated. 

Comparative isoenzyme and protein analyses prove that there was autosyndetic 
chromosome pairing in thè pollen mother cells of thè alloploid. Activities of esterase 
isozymes seem to he controlled by thè relationship of struetural and regulatory genes 
concerned. The presence of regulatory genes suggested by thè observed interaction of 
genomes before and after some chromosome elimination. 


Introduction 

Ina previous study chromosome elimination was reported dii ring F 2 F, generations 
of thè alloploid hybrid Nicotiana tabacum (Kentucky) X IV. glauca (Szilàgyi 1975). All thè 
F 5 plants of this hybrid showed stable and unifortn phenotype with 2n =48 chromosome 
number. Their white flower differed from both parental species. Flowers of N. tabacum (Ken¬ 
tucky) are pink, while those of /V. glauca are greenish-yellow coloured. The originai F, hybrid 
showed 2n -72 chromosomes. Karyotype analysis of thè F 5 plants suggested that thè 12 missing 
chromosome pairs belong to thè N. tabacum genom. Since N. tabacum itself is a putative allop¬ 
loid of IV. sylvestris and IV. tomentosiformis , thè eliminated chromosomes could well be members 
of both ancestral genomes (Szilàgyi 1975). In order to clarify further this problem we bave 
raised “haploid” plants of this modified alloploid. 

llaploids made of interspecific Nicotiana hybrids have scarcely been reported in thè 
literature. Guo (1972) using anthere cultures raised only haploid callus of N. suaveolens X N. 
langsdorfii , while Smith (1974) managed to produce a haploid plant of N. glauca X IV. langs- 
dorfii. There is no report on cytological and biochemical characterization of these hybrids. 

Analysis of isoenzyme pattern has often been applied as genetic marker in interspecific 
hybrids, alloploids and aneuploids. Ganapathy and Scandalios (1973) reported different 
MI)li isoenzymes in Datura species. CarlsON (1972) compared isozymes of normal diploid 
and those of different trisomics in Datura stramonium in order to localize struetural genes 
involved on thè basis of thè gene dose-isoenzym activity relationships. 

Similarly, an interdependence of gene dose and peroxydase activity per celi w as observed 
in ferns of different ploidy level, but with higher ploidy level certain isoenzymes increased 
others decreased in activity (DeMAGGiO and LambruKOS 1974). In wheat-rye hybrids (8 X Tri - 
tirale and Secalotricum) cytoplasmic as well as struetural and regulator effeets were suggeste 
in thè expression of phosphodiesterase isozymes (Wolf and Lerch 1974, Wolf and Rimpau 
1977). A detailed analysis of Nicotiana alloploids revealed additive, dominant and reciprocai 
different interactions of isozymes (Smith et al. 1970). 
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We report here on thè haploidization of our Nicotiana tabacum (Kentucky) X N. glauca 
alloploid derivate in connection with thè process of chromosome elimination as revealed by 
comparative protein and isoenzyme pattern. 


Material and methods 

Haploid plants were raised using anthere cultures (Nitsch and Nitsch 1969) of Nico¬ 
tiana tabacum (Kentucky) x N. glauca alloploid derivate with decreased chromosome number 
(2n=48). 

All thè plantlets were kept thereafter on a culture medium containing minerai nutrients 
(KovÀcs 1971) in controlled chamber at 25 ( f 2) °C with 12 hours light and 12 hours dark 
periods. 

Cytological preparations were made on root tip squashes with ordinary acetocarmine 
staining. Karyotypes were obtained by arranging thè chromosomes according to thè position 
of centromeres (SziLÀGYl 1975). 

Analyses of proteins and isozymes were done on leaf samples collected after thè dark 
period. Separation on polyacrylamide gel was studied of extracts obtained in sanie quantity 
(IO mg) of fresh leaves. Isoenzymes were identified by specific stainings (Scandalios 1969, 
Wolf and Rimpau 1977). Soluble leaf proteins were analysed using SDS gel electrophores 
and Cooinassie blue G 250 dye (Weber et al. 1972, Schlesinger et al. 1972, Blakesley and 
Boezi 1977). 


Experimental result s 

Anthers placet! on sterile nutrient produced shoot and subsequently 
root primordia in five weeks (Fig. 1). The 8 weeks old young plantlets were 
transferred to minerai nutrient (Kovacs 1971) and 3 weeks later potted into 
soil (Fig. 2). 

Several root tips were checked in each plant, and all of them was found 
to be haploid with 24 chromosomes. The low chromosome number permitted 



Fig. 1. Anthere culture with haploid plant 
Fig. 2. Haploid plant of N. tabacum (Kv)xiV. glauca alloploid hybrid (n 24) 
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karyotype construction relatively casily (Fig. 3). There are 4 metacentrica, 
4 submetacentrics and 16 acrocentrics in each celi. 

Polypeptide spectra of thè “haploid” and “diploid” N. tabacumxN . 
glauca hybrids in SDS electrophoresis proved to be virtually identical (Fig. 4). 



Un 

ite 

i ni in i 

illuni 

Fig. 3. Karyotype of thè “haploid” plant of N. tubar uni (Ky)xTV. glauca alloploid hybrid 

X 1000 
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Fig. 4. Soluble protein composition of thè leaves of haploid and 
diploid IV. tabncum X IV. glauca alloploid hybrid plants 



Fig. 5. Phosphodiesterase (A) 
thè leaves of haploid and diploid 
hybrid 



and esterase (B) isoenzyines of 
IV. tabacum X N. glauca alloploid 
plants 
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Fig, 6. Esterase isoenzymes of thè leaves of alloploid hybrids and those of its parents lines 
1. N. sylvestris ; 2. N. tabacum (Kentucky); 3. N. glauca ; 4. N. tahacum X N. glauca (2n 72); 

5. N. tabacum X N. glauca (2n 48) 

We could not detect any difference in quantity and quality of thè polypeptides. 
Similarly, 3 phosphodiesterases and 4 dark and a single faint line of esterases 
were found in leaves of both haploid and diploid plants (Fig. 5). 

Esterase isoenzyme patterns of thè alloploid hybrids and those of its 
parents are shown in Fig. 6. Out of thè 3 isoenzymes of both N. sylvestris and 
N. tabacum 2 are identical and one is specific to eacli species. 

N. glauca exhibits a darkly staining band also presetit in N. tabacum. 
In thè alloploid hybrid of N. tabacum X iV. glauca there is un additional band 
which has not been found in N. glauca or N. tabacum but clearly observable 
in N. sylvestris. Tliis band is more intense in thè hybrid derivate (2n 48) than 

in thè originai N. tabacumX N. glauca 2n = 72 hybrid as revealed by thè 
densitogram (Fig. 7). 


Discussion 

Successful haploidization was achieved with ani bere culture of alloploid 
Nicotiana hybrid. The chromosome number was found to be 24 as compared 
with thè originai 2n 48. Nicotiana tabacum itself is known to be alloploid, 
apparently originated from a hybrid of N. sylvestris and N. tomentosiformis 
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Fig. 7. Densitograms of esterase isoenzymes shown in Fig. 6 


(Goodspeed and Clausen 1928). Olir N. tabacurn X N. glauca hybrid derivate 
might therefore contain 3 kinds of genomes. According to isozyme studies thè 
hybrid does not contain all thè isozymes of N. sylvestris esterases. This is not 
surprising, since interactions of thè genomes may result in new subunit combi- 
nations and/or modifications of gene expression by means of regulatory dif- 
ferences. 

It is noteworthy, however, that as a result of hybridization and chromo- 
some elimination in thè line of N. tabacurn X iV. glauca hybrid an isozyme band 
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characteristic of N. sylvestris is observable again. A possible explaoation to 
this remarkable feature is, that thè activity of this N. sylvestris gene was 
soppresseli by certain gene(s) of thè other genome (N. tomentosiformis) in thè 
originally also alloploid N. tabacum. The decreased proportion or partial elimi- 
nation of thè suppressing genome macie possible thè reexpression of this previ- 
ously “silent” gene(s). 

Cytological analysis of thè hybrid derivate seems to support this hypoth- 
esis. Chromosomes of iV. glauca bave been retained during thè subsequent 
generations, while elimination of chromosomes were shared by both N. syl¬ 
vestris and N. tomentosiformis genomes. 

All thè plantlets obtained by anthere culture in our experiment were 
“haploid”. (The word “haploid” refers here to thè reduced level of chromo¬ 
somes, in fact, in this case it contains three genomes in different proportions.) 
Meiotic analysis of these plants inay cast some light on thè homologies of thè 
genomes involved and on thè problem of base number and evolution of thè 
genus Nicotiana. 

The alloploid, as expected, shows regular meiotic pairing. This is reflected 
in thè isozyme studies as well. Each “haploid” plantlets showed thè sanie pat¬ 
tern and intensity of enzyme and protein spectra. 

Each enzyme studied in our experiment has previously been reported 
to he gene-dose dependent, although in leaves of other species. Carlson (1972) 
was alile to localize some structural genes on this hasis in trisoinic lines. Activ¬ 
ity levels of peroxidases and phosphodiesterases of other plants were found 
to he controlled by thè number of structural and regulatory genes, moreover 
cytoplasmic effect was also detectable in recipiae crosses (Wolf and Rimpau 
1977, Wolf and Lercii 1974, DcMaggio and Lambrukos 1974). Silice in our 
experiment there can be no douht concerning gene dose differencies (haploid 
and diploid plants), yet thè isozyme and protein spectra appear to be identical 
both qualitatively and quantitatively, we regard dose relationships of struc¬ 
tural and regulatory genes to be of utmost importance. On thè other band, 
thè electrophoretic results of haploid plants prove, that in thè meiosis of 
diploid (2n = 48) plant autosyndetic bivalents are formed and distributed 
equally in thè pollen tetrad. 
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Root and steni callus tissue cultures were cultivated on Murashige-Skoog 
solid culture-media, under 2500 Lux, and in dark. It was found that thè alkaloid 
content of thè cultures cultivated in light was higher. However, thè amount of alkaloid 
is essentially smaller in all thè tissue cultures (two years old) than that in thè initial 
material. The non-esterified and thè nor-compounds are to be found in a more signi- 
ficant quantity. The direct precursors of thè ainino-acids are present only in traces. 
The incorporation of 3 ,4 C phenyl-alanine causes inhihition in thè formatimi of alkaloid, 
while 2 ,4 C Na-acetate increases thè alkaloid content. 

Introduction 

The role of medicines of plant origin in therapy and in pharmaceutical industry is very 
important. Since thè growing of plants requires an area of soil and, besides, it depends on many 
other factors — for example, on weather, precipitatimi, temperature and light conditions 
experiments are being carried out to ensure thè materials of naturai origin not only by organic 
chemistry synthesis but also by biological methods, by ineans of thè so-called biological pro¬ 
duction. Therefore, thè production of plant tissue cultures, thè sterile cultivation of plant 
cells, tissues and organs have beco me very wide-spread in thè last two decades. Theoretically, 
thè study of plant tissue cultures helps to elucidate plant metaholism, for example, thè bio- 
synthetic paths, and to clarify relations between morphogenetics and secondary metabol- 
ism. Further, it provides experimentally reproducible data for thè recognition of fermentation 
processes which have gained ground in thè pharmaceutical industriai production of agents of 
naturai origin, as for example thè production of antibiotics. 

Studying thè tissue cultures of Datura species is directed towards thè following view- 

points: 


1. exploration of thè characteristics of tissue culture cells and tissues; 

2. research on thè infliience of various factors in relation to thè development of cultures 
and of thè changes in contents; 

3. detecting of thè alkaloid content and composition; 

4. biosynthetical examinations, etc. 

The aim of our work was to study thè alkaloid production and composi¬ 
tion of thè Datura innoxia tissue culture produced by us, furthermore, to 
obtain data on thè alkaloid biosynthesis of tissue cultures in an experimental 
way. 


Material and method 

For thè tissue culture a modified solid culture-medium of Murasiiige- Skoog (Maróti 
1976) was used. Kinetine, 2,4-1) (mg/liter) ( 2,4-Dichloro-phenoxy-acctic acid), agar-agar 
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(8 g/liter) and also nicotin acid (0.5 mg/Iiter) as well as pyridoxine-HCl (0.1 mg/liter) wcre 
added to thè culture-medium, pii was set at 6. 


7. Induction and grafting of thè plani material 

For inducting thè callus, sterilized pieces of leaf, or root of thè Datura innoxia Mill. 
plants were used. 


2. Method of sterilization of thè various plant parts 

The various organs were washed with detergents and water current; they were treated 
with 70% ethanol for one minute, then with thè solution of diacid (ethanolmercury-chloride -f- 
+ inethyl-pyridine-chloride) (Butenko 1964), and flushed with sterile distilled water. The 
culture-inedia was sterilized at 0.8 atm pressure for 2x15 minutes. 

The callus tissues were grown in test-tubes containing 40 mi of culture-media, and were 
grafted into fresh culture-medium at six week intervals. IIiraoka and Tabata (1974) dealt 
with thè stem-culture and suspension-culture of Datura innoxia Mill., we on thè other hand 
with callus-cultures prepared from leaves and roots in thè following conditions: 


leaf tissue 

culture 

26 °C, 

in 

light (2500 Lux) 

leaf tissue 

culture 

26 °C, 

in 

dark 

root tissue 

culture 

26 °C, 

in 

light (2500 Lux) 

root tissue 

culture 

26 °C, 

in 

dark 


The callus tissues and their culture-media were processeli according to thè following 
method: 


3. Extraction and purification of alkaloids from tissue cultures 
and their culture-media 


The tissue cultures were separated from thè culture-inedia, then both thè media and 
thè tissue cultures were lyophilized. For extraction, MeOH —28% NH 4 OH (9:1) was added 
to it, was left at night then was extracted with chloroform for 6 hours, in a Soxhlet appara- 
tus. The extract which contained chloroform was evaporated under vacuum. The remaining 
material was again taken into, about 30 mi, chloroform and thè alkaloids were eluted into 
2 x 20 mi of H,S0 4 ; after with cc. ammorba to pH = 9, thè material was shakeri out w ith 
30 mi chloroform; this was repeated three tirnes. The solution was then filtered through water- 
free sodiumsulphate and thè solvent was evaporated. The remaining material was diluted in 
10 mi of p.a. CHC1 3 and this solution was used for various analyses. Occasionally, fresh tissues 
were also processeci, destroyed with quartz sand and extracted in thè above way. 


4. Quantitative and qualitative determination of thè alkaloids 

a) For thè quantitative determination of tropane alkaloids we used partly thè method 
which has been described in thè Sixth Hungarian Pharmacopoeia (that is, titration in 
water-free medium), partly another more sensitive method by using a tropeline amphi-indica- 
tor (Lórincz and SzÀsz 1961). 

For standard series, scopolamine base was used (Fluka A. G., Buchs). By diluting thè 
material in sulphuric acid, we prepared a stock solution containing 100 /cg/ml scopolamine. 
The measurernents were carried out with SPECTROMOM 202 photometer, in cuvettes of 1 cm 
dia, at wavelength of 496 nm. As control we used chloroform and tropeolin solution. 
b) For thè qualitative determination, thè following inethods were used: 

1. Thin-layer chromatography (Verzàr-Petri, Sóti and Horvàth 1974); 

2. Gas chromatography (Verzàr-Petri and Haggag 1976); 

3. Autoradiography (Verzàr-Petri 1969). 
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5. I solution and deter mi nation of thè amino-aeids 

a) 1 g of lyophilized tissuc culture was destroyed with seasand, theu 50 mi of warm 
70% ethanol was added. The material was stirrcd, theu left for 30 minutes; it was filtered and 
thè filtrate extracted with 3x50 mi of chloroform. The chloroformic extraction contained thè 
hound amino-acid, while thè cthaurké phase hold thè free amino-acides. 

The chloroformic extraction was evaporateti for lyophilization, thè remaining material 
was transferred into 15 mi ampules; 10 mi of 6N (Merck Art 317) HC1 was added. The ampules 
were closed under normal conditions, then were hydrolized at 105 °C for 24 hours. 

The content of thè ampules was quantitatively washed in a 10 ml-flask, then thè 
material was evaporated for lyophilization, under high vacuum. The remaining material was 
re-diluted in 20—25 mi of water and evaporated again. The sample prepared in this way was 
collected in 0.2N NaCl 0.01 1IC1 and in this medium placed on thè amino-acid analyser. A 
JEOL JLC-5AH-type amino-acid analyser was used for thè analysis. It was set to thè bi- 
columnar method, controlled by an automatic programme. 

The spherical resili manufactured hy thè finn JEOL under thè trademark LC-R, 
phantasy narne was used for thè analysis. 

The characteristics of thè eluate: 

a) 0.20N Na pH 3.25 

b) 0.20N pH 4.25 

c) 0.35N pH 5.28 

(Sodium citrate, HO, n. capric acid, thiodiglycol, Brij-35, methanol) 

For thè preparation of thè Solutions, bidistilled water de-ionized on Elgastat resiti was 

used. 

Reagent: Merck Art 6762 ninhydrin diluted in acetate buffer and Merck Art 859 (2%), 
which was prepared under nitrogen current and also its application took place under nitrogen 
tension. The chrornatographs were evaluated according to thè HW method (peak height: 
width). 

6. Isotopie experiment for studying thè changes in thè alkaloid content 
of thè t issue 

Two-year-old root callus eultures were separated from thè culture-media and put iti 
separately into Solutions containing radioactive materials. The tissue culture was kept in 
a thermostat at 25 °C in dark or under a fluorescent lamp (2500 Lux). At certain times (one 
hour, 24 hours, 48 hours) part of thè incubated tissue culture was taken out, washed immedi- 
ately in distilled water; either after lyophilization or immediately, thè alkaloid extraction was 
carried out according to thè procedure described above. 


Preparation of thè radioactive solution 

The specific radioactivity 2 14 C Na-acetate: 28.62 //Ci/mg, 17.051 mg of 2 ,4 C Na-acetate 
was ineasured and dissolved with 0.487 mCi activity and 100 mi dist illed water. This solution 
was used for incubation. 

Phenylalanine: thè specific radioactivity of 3 ,4 C: 13.64 //Ci/mg; 45.38 mg w as ineasured 
with 0.618 mCi activity; it was dissolved in 100 mi dist illed water and this solution was used 
for thè incubation of thè tissue culture. 

Experimcntal resulta and their discussimi 

7 . stlkaloid content and composition 

The total alkaloid content of thè intact plani is always higher than that 
of thè tissue eultures let it he a tissue culture originating from any organ (geriti, 
leaf, stem, root, bark, etc.). According to tlie publications so far, thè alkaloid 
content in tissue eultures amounts on thè average to 0.0041 — 0.042%; Chan 
and Staba (1965) hold thè view that there is no significant relation between 
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thè alkaloid content of intact tissues and that of thè tissue cultures originatine 
from them. The case is rather that after grafting thè new tissues forming 
during thè cultivation are able to synthesise alkaloids, and this characteristic 
in a final analysis is genetically given. Apparently, however, in thè case of 
tissue cultures, plasmatic inheritance and regulation also play a part in tlie 
changes of alkaloid production. Chan and Staba (1965) obtained sudi values 
of thè Datura stramonium culture (5.5 month old) thè alkaloid content of which 
varied between 0.004 — 0.056%. Netien and Combet (1966) [cited from 
Hiraoka’s work (1976)] found that thè alkaloid content of thè one-year-old 
stem-callus of D. metel w as about 0.0056% (related to fresh weight). Romeike 
and Koblitz (1970) reported that thè alkaloid contents of thè callus of D. stra¬ 
monium (5 years old), and of thè stem-callus of D. metel (19 months old) 
amounted to about 0.0026% and 0.00185%, resp. Krikorian and Steward 
(1969) were not able to (letect thè tropane alkaloids in thè tissue cultures of 
thè various Datura species. 

In our experiments, thè following results were obtained: 


Table 1 

The alkaloid content of Datura innoxia tissue cultures used in our experiments 


Designation ami 
conditions of growth 

The alkaloid 
content of 
tissue cultures, 
related to dry 
weight 
% 

The alkaloid 
content of 
intact organ, 

/o 

7 he alkaloid 
production of thè 
tissue culture in 
relation to thè intact 
organ 

Root culture cultivated in light 

0.0390 

0.33 

10 tiines lower 

Leaf culture cultivated in light 

0.0226 

0.25 

10 tiines lower 

Root culture cultivated in dark 

0.015 

0.33 

20 times lower 

Leaf culture cultivated in dark 

0.0075 

0.25 

30 tiines lower 


Their culture-media also shows a positive alkaloid reaction (with Dkagendohff reagent) 
but thè quantity could not he determined because it vvas insignificantly small. 

See also Figs 1, 2, 3 and 4. 


Fig. 7. Leaf tissue culture (1 year old) of Datura innoxia Mill. cultivated in light intensity 

of 2500 Lux 

Fig . 2. Leaf tissue culture (1 year old) of Datura innoxia Mill. cultivated in dark 
Fig. 3. Root tissue culture of Datura innoxia Mill. cultivated in dark 

Fig. 4. Histochemical reaction of alkaloids (A) in leaf tissue culture of Datura innoxia Mill. 
proved by Dragendorff reagent. Light inicroscopical picture 
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Our qualitative observations related to thè alkaloid spectrum were as 
given below (see also Verzar-Petri, Kiet and Szóke 1977; and Figs 5 and 6). 

In thè leaf tissue culture of Datura innoxia Mill. cultivated in light, 
8 alkaloids were determined: cuscohygrine, meteloidine, teloidine, hyoscy- 
amine, 3-6 ditigloiloxytropane, scopolamine, 6-OH hyascyamine and nor- 
scopolamine; besides, a great quantity of tropine and tropic acid was found, 
in free, non-esterified form, together with 2 unknown peaks on thè gas- 
chroinatogram, which occured at 220 °C and 226 °C. 

It is worth note that in leaf cultures thè quantity of scopolamine is 
smaller than that of hyoscyamine whereas thè plant itself is a scopolamine 
inaili alkaloidal species and it is commonly known that epoxidation takes 
place in thè leaf tissues. Hyoscyamine 6-OH, incidentally indicating thè pro- 
cess, is also present, and even demethylizing enzymes are in operation; thè 
nor-scopolamine is also detectable. The same number of components was found 
in thè culture-media but only in a very snudi quantity. 

In thè root tissue culture of D. innoxia Mill. cultivated in dark, tropine 
and tropane acid occur in smaller amounts but 6-OH hyoscyamine and cusco- 



Fig. 5. Control gas chroinatogram 
of alkaloid extract froin roots of 
developed Datura innoxia Mill. 
plants. 1. tropine, 2. cuscohygrine, 
3. meteloidine, 4. tropic acid, 5. 
teloidine, 6. hyoscyamine, 7. sco¬ 
polamine 



Fig. 6. Gas chromatograin of alkaloids 
in Datura innoxia Mill. root tissue 
culture cultivated in dark. 1. tropine, 
2. cuscohygrine, 3. meteloidine, 4. 
tropic acid, 5. teloidine, 6. hyoscya¬ 
mine, 7. scopolamine, 8. 6-OH hyo¬ 
scyamine, 9. nor-scopolamine 
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hygrine — thè intermedier alkaloid of tropane-alkaloid hiosynthesis domi¬ 
nate in thè tissue culture. The quantity of thè scopolamine is more tlian that 
of hyoscyamine, a reversed case of thè leaf tissue culture; their ratio is similar 
to that of thè intact root (see Figs 5 and 6). In our judgement, which is con- 
firmed l>y our earlier isotopie examinations (Verzar-Petri et al., 1974), thè 
appearance of 6-OH hyoscyamine is a sign of thè scopolamine hiosynthesis 
since it is a compound alvvays present in thè interconversion of hyoscyamine 
and scopolamine, while thè cuscohygrine is a characteristic alkaloid of thè root, 
which according to our own observations — is thè first to appear on germi¬ 
natimi hy thè formatimi of thè young radicale (Verzar-Petri and Kiet 1977). 
The quantity of thè alkaloids present in thè culture-medium, as mentioned 
above, was insignificantly small (see Table 2). 

Tablc 2 


The amino-acids occ tir ring in Datura innoxia Miti, intact pianta and tissue cultures 


Aniino-acids 

Root tissue 

culture»** 

Leaf tissue 

culture»** 

Intact plant* 

Cultivated 
in light 

1 Cultivated 
in dark 

Cultivated 
in light 

Cultivated 
in durk 

Kuot 

Leaf 

Asparatic acid 





+ + 

4 + 

Asparagine 

+ 4 

+ 

+ + + 


4 

4 

Glutaniic acid 

+ 

— 

+ 


+ 44 

44 

Glutaminc 

4 + 4 

+ 

+ + + 

+ + 


44 

Manine 

44 

+ 

+ + 

— 

444 

44 + 4 

Serine 

4 + 


+ + + 

+ 

4 + 4 

4 + 4 

Proline*** 

— 


+ 

— 

+ 4 

+ 4 

Valine 

+ 4 

+ 

+ + + 

+ 

44 

4 

Threonine 

-f 


+ 

± 

— 

4 

Leucine } isoleucine* * * 

+ 4 

+ 

H- + 

+ 

4 + 

4 + 

Tryptophane 

-f 

— 


— 

4 

44 

Tyrosine 

— 

— 

+ 


± 

4 

Phenylalanine*** 

+ 

+ 

+ + + 

+ 

44 

4 

Glycine 

+ + 

— 

+ + 

— 

444 

444 

aminobutyrinic acid 

- 

— 

+ 



— 

Lysine 


- 

- + 

— 

4 

44 

Arginine 

+ -h 


+ 4 


+ 4 

44 

Ornithine*** 

— 

— 



44 

44 

Histidine 

+ 


+ + 

— 



Methionine 


— 


— 


— 


* According to Verzàr-Petri. 

** In determing thè alkaloids, thè “Full Automatic Amino Acid Analyzer TLC-5AH” 
apparatus was used. 

*** Alkaloid precursor omino-acid. 
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Tallir 3 

The relative quantity of alkaloids in thè Datura innoxia ’VIilL tissue cullures , on thè hasis 

of gas chromatography 


Alkaloid compone» t 


Tissue culture type 

A 

B 

c 

D 

E 

F 

G 

1 H 

J 

K 

Leaf tissue culture 
(Cultivated in light) 

5 

2 

3 

5 

1 3 

2 

3 

1 2 

2 

Culture-medium of leaf 
tissue culture 
(Cultivated in light) 

1 

2 

2 

2 

i 

1 2 

1 2 

3 

1 1 

2 

Leaf tissue culture 
(Cultivated in dark) 


1 

3 

2 

2 

3 

2 

4 

2 

— 

Koot tissue culture 
(Cultivated in light) 

— 

2 

3 

1 

3 

5 

4 

4 

5 

4 

Uoot tissue culture 
(Cultivated in dark) 

3 

r 

4 

2 

3 

1 

3 


2 

4 

2 

Culture-medium of root 
tissue culture 
(Cultivated in dark) 

l 

2 

2 

1 


i 

2 

1 

2 

2 


A: tropine, B: cuscohygrine, C: metcloidine, I): tropic-acid. E: teloidine, F: hyoscy- 
amine, G: ditigloyloxytropane, H: scopolamine, J: 6 OH-hyoscyamine, K: nor-scopolamine. 


Table 4 

Changes in thè alkaloid content of thè Datura innoxia Mill. tissue cullures , duriti g thè incubation 

wilh various radioactive precursores 


Typc of alkaloid 


Experimental material 

A 

B 

c 

D ! 

E 

F 

G 

H 

J 

K 

Control 

4 

2 

3 

5 

3 

3 

3 

2 

3 

2 

l* 

2 

2 

4 

3 

1 

2 

1 

4 

2 

1 

4 

2 

5 

II 


! 

1 

2 

2 

2 

3 

i 2 

4 

5 

4 

III 

2 

3 

i 

3 

1 

2 

4 


2 

2 

IV 

— 

| 1 

1 

2 

1 

~ 1 

4 

| 

3 

3 
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I: D. i. leaf tissue culture cultivated in liglit; 24 hours’ incubation with 2 ,4 C Na- 

acetate. 

II: D. i. leaf tissue culture cultivated in liglit; 48 hours’ incubation, with 2 ,4 C Na- 

acetate. 

Ili: I). i. root tissue culture cultivated in light; 1 hour’s incubation, with 3 14 C phcnyl- 
alanine. 

IV: D. i. root tissue culture cultivated in liglit: 24 hours’ incubation, with 3 ,4 C phenyl- 

alanine. 


2. Alkaloid precursors 

— (A) The amino-acid composition of thè tissue-culture 

The amino-acids occurring in various parts of Datura stramonium L., 
D. meteloides and D. innoxia IVI ili. plants have already been examined in detail 
(Verzar-Petri 1966). There are 16 amino-acids which are detectable in thè 
intact tissue. In thè stem-culture of thè D. stramonium var. lutala there were 
only a few amino-acids described. 

The amino-acid occurring in thè leaf and root tissue cultures or culture 
media of I)atura innoxia Mill. cultivated in dark and in liglit was examined 
and thè following results were obtained (see Table 2 and Fig. 9): 

On thè basis of thè investigations, it could he inferred that, indepen- 
dently of thè organ, thè amino-acid spectrum and content of thè tissue cultures 
cultivated in liglit is richer. 

— (B) Incorporation of 2 14 C Na-acetate and of 3 14 C phenylalanine into thè 

alkaloid spectrum of thè Datura innoxia tissue culture 

The aim of thè investigations was to detect thè influence of 2 14 C Na- 
acetate and of 3 14 C L-phenylalanine on thè changes in thè alkaloid content 
in thè root and leaf tissue culture of Datura innoxia , and to determine thè 
alkaloids into which these precursors are incorporated during thè incubation 
ti me of 24 hours and 48 hours. 

On thè basis of thè results obtained, thè following inferences can be made 
(see Table 4; Figs 7 and 8). 

a) In thè experiments carried out with 3 l4 C phenylalanine : in comparison 
with tlie control, thè total alkaloid content of thè culture decreased during 
thè incubation time of 24 hours and it became so small that we were not alile 
to determine it with thè generai method of investigation. On thè basis of thè 
integrai data of gas-chromatography and of thè size of thè area below thè peak, 
we noticed that thè quantity of tropine (tropanol) was rather high in thè 
control tissue culture. On incuhating for one hour, it decreased: and after 
24 hours it altogether disappeared. Tropic acid also decreased rapidly after 
thè 24 hours incubation. Specific radioactivity was very small, and specific 
incorporation was 0.0002%. This result testifies to thè fact that no new tropic- 
acid was formed in thè tissue culture, and in this case thè presence of phenyl¬ 
alanine is an obstaele in thè biosynthesis of tropic acid. The synthesis between 
hyoscyamine and scopolamine did not take place either. Scopolamine di- 
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4 



Fig. 7. Gas chromatogram of thè alkaloids 
extracted from Datura innoxia Mill. leaf 
tissue culture cultivated in light. 1. tropine, 
2. cuscohygrine, 3. metcloidine, 4. tropic 
acid, 5. teloidine, 6. hyoscyamine, 7. 
scopolamine, 8. 6-OH hyoscyamine, 9. 
nor-scopolamine 


6 8 



Fig. 8. Gas chromatogram of alkaloids 
extracted from Datura innoxia Mill. leaf 
tissue culture cultivated in light, after a 
treatment of 48 hours’ incubation with 2 
14 C Na-acetate. 1. meteloidine, 2. tropic acid, 
3. teloidine, 4. hyoscyamine, 5. ditigloy- 
loxytropane, 6. scopolamine, 7. 6-OH 
hyoscyamine, 8. nor-scopolamine 



Fig. 9. Amino-acid spectrum of Datura innoxia Mill. leaf tissue culture cultivated in light 
(determined by using of Full Automatic Amino Acid Analyzen TLC —5AH apparatus). 

1. lysine, 2. histidine, 3. aininoniac, 4. asparagine, 5. threonine, 6. serine, 7. glutamine, 8. ala- 
nine, 9. valine, 10. methionine, 11. isoleucine, 12. leucine, 13. tyrosine, 14. phenylalanine 
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appeared altogether on thè gas-chromatogram, after thè incuhation times of 
1 hour and 24 hours; hyoscyamine also disappeared after a smaller decrease 
following a 24 hours’ incuhation. In such cases, according to IIikaoka (1976), 
Homeike and Koblitz (1972), thè tissue culture used up thè tropine for thè 
biosynthesis of acetyltropine. Meteloidine and especially thè ditigloyloxy- 
tropane can he found and are well-detectable in thè cultures incubated for 
1 and 24 hours. It seeins tliat their biosynthesis is not hindered in thè presence 
of phenylalanine, since thè acid part of these alkaloids is not tropic acid, but 
tiglic acid. 

b) In thè experinunts (arridi out uith 2 ]A C Na-acetate: 

According to thè results obtained, Na-acetate increases thè alkaloid for- 
mation in D. innoxia tissue cultures. The pattern of thè total alkaloid content 
during thè incuhation is as follows (related to dry weight): 

Control = 0.0226% 

24-hours’ incuhation, leaf culture = 0.0483% 

48-hours’ incuhation, leaf tissue culture 0.025% 

The individuai alkaloids also vary during thè incuhation: on incuhating 
for 24 hours, thè quantity of almost all thè alkaloids, witli tlie exception of 
tropine and tropic acid, increased. On incuhating for 48 hours: witli thè excep¬ 
tion of 6-OH hyoscyamine, thè quantity of all thè alkaloids decreased, tliat 
of hyoscyamine and scopolamine also decreased but compared to thè control 
it was stili higher. Their specific radioactivity (dpm/mM): 


24-h incuhation 48-h incuhation 


Ditigloyloxytropane 766.341.29 

Scopolamine 501.314.64 

Hyoscyamine 230.047.30 


792.372.20 

346.295.44 

159.868.91 


The specific radioactivity of ditigloyloxytropane was thè highest. This 
ohservation is in agreement witli thè pattern of alkaloid content of Datura 
innoxia root thè nutrient of which was 2 14 Na-acetate (Verzar-Petri et al. 
1974, 1977), tliat is, thè radioactive sodium-acetate was incorporated first of 
all into thè tigloyl ester alkaloids which then remained either in this form 
or transformed into another product. 

By summing up thè results of thè two experiments carried out by us 
(in adult plants and in tissue cultures obtained from them), it can he sup- 
posed tliat from thè sodium-acetate leucine, isoleucine was formed first, and 
in thè following step tiglic acid forms fremi isoleucine; thè originai tiglic acid 
forms an ester witli thè* tropine and results in thè tigloylester alkaloid. This 
process may take place earlier than tliat of thè structure formation, both in 
thè intact plant and thè 1 tissue culture. 
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RECENSIONES 


Arnold, G. W. —de Wit, C. T.: Criticai evaluation of systems analysis in ecosystems research 
and management. PUDOC, Wageningen. 108 pp, 1976. 

This hook edited by de Wit and Arnold is thè 8th volume in a continuing series titled 
“Simulation Monographs”. This series introduces thè readers stepwise to some of thè inaio aspects 
of System ecology. The titles of previous volumes of this series are listed in this hook as well. 

The hook contains a collection of some papers presented at thè lst International Con- 
gress of Ecology on “Criticai evaluation of systems analysis and modelling in ecosystems 
research and management* 4 held at thè Hague in September, 1974. This symposium organized 
by de Wit and Goodall aroused consideratile interest, because a lot of mathematical models 
in ecology have been used recently, but there is a great, frequent confusion especially with 
respect to thè validity of models even now. 

It is only in thè last decade that many biologists have applied thè systems analysis 
approach to their problems. Several symposia and innumerable books on special modelling 
problems as well as thè theory and thè use of ecosystem analysis have been held and published 
so far. 

So thè themes presented in thè book are not unknown, but their discussions are useful, 
because thè papers contain thè newest results in this field as well as criticai reviews of many 
problems. 

This is why thè organisers considered publishing some relevant papers delivered at thè 
congress together with some other articles on thè same subject. 

This book will be of interest to all those concerned with thè problems of modelling as 
well as to graduate students. 

The book consists of 7 papers including several figures and bibliography. 

In thè first paper some of thè problems of ecosystem modelling are introduced by de 
Wit and Arnold. A few common concepts, as model, System and simulation are defined 
briefly and some of thè main aspects of System ecology and building of models are mentioned. 

It is emphasized, that we should limit our goals, and focus attention only on certain 
aspects in constructing a model for complicated systems. 

In thè authors’ opinion thè simulation model may be a good aid for understanding 
important aspects of systems, but it is also pointed out that biologists should apply some 
principles more rigorously. The 5 principles proposed by WiGAN (1972) are: postulates, fitting, 
calibration, identification and validation, which are also explained concisely and regarded as 
a useful methodology in minimizing internai errors and maximizing thè validity of a 
model. 

Goodall’s paper discusses how to use thè hierarchical approach to model building. 

Complexity, thè interrelations among a large number of components in any System are 
almost beyond thè power of direct thought, so it is very important for all inodellers to divide 
a System into sub-systems. It can greatly facilitate thè modelling process and thè study of thè 
behaviour of thè System. Decomposition of systems is also advantageous, because thè sub- 
systems may be described and tested separately as well as at different levels of complexity. 

Goodall also points out that “a hierarchical approach alone may not be thè most 
appropriate method for breaking down an ecosystem”. That*s why he emphasizes application 
of thè method of cross-classification in addition to a strict hierarchy of sub-models. This method 
can be regarded as a new, valuable and useful one in thè field of model building. 
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An actual model based on a hierarchical structure of sub-models and principles of 
cross-classifications is demonstrated by Goodall in detail. The model constructed is applied 
on an area of savannah woodland in Queensland in Australia grazed by cattle and wallabies 
in order to predict thè mean rate of gain in weight by thè cattle over thè whole year. 

Keulen in his paper writes about evaluation of models. It is already commonplace, 
that thè biological systems are more complicated than with which mathematicians and physi- 
cists work and thè representation and verification of models constructed for living systems are 
more difficult. In thè past 30 years innumerable models for ecological systems have been made 
and used, but it is a great pity, that little attention has been paid to thè criticai evaluation 
of these models so far. 

Keulen deals with thè problems of validity of models and with thè most important 
decisions (e.g. thè objectives, thè boundaries of thè model and thè processes incorporated in 
thè model), which thè modellers must take to build apply and test a model. 

Jameson in his article “Management of ecosystems: information supplied by simulation 
models” offers thè use of generalized models of grassland ecosystems, which can provide a met- 
hod of getting enough information to make good grassland resource and management decisions. 

He analyses three major attributes of biome type research in detail. Jameson describes 
thè problems and thè advantage of applying “state variable” measurements and studying 
processes in thè modelling. He also draws up a model in broad lines, which was developed 
by Bartlett, Evans and Bement (1974) and was built upon a linear programming model 
including also thè seasonal growth of vegetation and change of livestock. 

Jameson States, that a simulation model appropriately constructed may be used to 
generalize thè results obtained in certain circumstances for years and other places. 

An other way of using modelling ecosystems is introduced by Miller and Mooney. 

Their detailed investigations carried out in two Mediterranean shrub areas in California 
and Chile are presented in their paper. The areas can be characterized by broadly similar 
climates and similar vegetation forms, but by different genetic histories. 

To explain thè degree of both thè similarity and dissimilarity of vegetation forms and 
functions in thè 2 areas, thè interactions between primary productions, microclimate and plant 
growth were studied. A model based on mathematical, physical and physiological processes 
also was formulated to analyse some of thè interrelations between climate and form and func- 
tion of thè vegetation, as well as to assume thè divergence factors leading to thè convergence 
of form and function from different genetic stocks. 

The results of simulation models and a lot of other investigations are very valuable. So for 
example water-use and photosynthetic efficiency as well as productive period of evergreen 
shrubs in California and Chile are investigated in details and thè importance of thè length 
of thè productive period for thè existence of different plant life forms are also determined. 

Seligman is his article provides a thorough discussion on several grassland models 
constructed in thè last decade and critically reviews some of them. 

First he gives a short account of thè present state of modelling and thè increasing 
problems. 

Seligman quotes Patten’s (1970), de Wit’s (1970) and Arnold’— Bennett’s (1975) 
opinion about thè application and usefulness of biological System models. 

He shows a simple model with respect to some relationships between variables in a 
grassland System. This model can be used by thè modellers interested in pasture, animai and 
management interactions. 

Then Seligman gives a list of some newest crop, grassland and ecosystem models, which 
have been selected to represent different levels of complexity and different approaches to thè 
analysis of grassland systems. 

To mention some of them: 

Basic crop simulator (BACROS; de Wit et al. 1970, 1976) is a physiological process 
model, which simulates thè photosynthesis and distribution of assimilates between shoot, root 
and respiration of specific crop canopies. The SPAM (Soil Plant Atmosphere Model; Lemon 
et al. 1971, Steward and Lemon 1969) and thè Arid Crop models are similar to BACROS, 
but they are more comprehensive applied models than thè basic BACROS is. 

Seligman deals with several grassland models in detail. Some important ones men- 
tioned by him are LEYFARM and PASTOR models. 

LEXFARM (Arnold— Campell 1972, Arnold et al. 1974) is used for simulating 
grazed, annual (legume) pasture from seed germination through growth, flowering, seed forma- 
tion, death, decay and through grazing, which affect thè pasture by reducing thè living and 
dead biomass by consumption. The PASTOR model built up by Goodall (1976) is a pasture 
management model. 

It is very useful, that Seligman presents thè development of models step by step. 
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Finally, Jeffers discusse* thè future prospects of systems analysisi n ecology. In his 
issue there is an interesting and useful meditation on thè very broad application of good or 
fairly good models and on thè basic criteria, which are needed for model construction and 
validation. 

K. Vihàgh 


Brììcher, H.: Tropische Nutzpflanzen. Ursprung Evolution und Domestikation. Springer 
Verlag, Berlin, Heidelberg, New York, 1977, 529 pp, 245 Abb. DM 248.-; US $ 109.20. 

The increasing worries of feeding thè Earth’s population assign a rapid and effective 
increase of agricultural production as a growingly urgent task. It seems thè conditions for this 
aim are mainly given in thè tropical countries of thè so-called “third worid”, where thè pos- 
sibilities are stili great both by plant breeding and applying thè modern achievements of agro- 
techniques. By all certainties it is a consequence of this circumstance that in thè past years 
a number of books on tropical crops have been published. Some of them put as an aim to 
describe as manv culture plants as possible, while others discussed only thè most important 
ones with an endeavour, however to give a presentation of thè plants by a many-sided and 
thorough-going approach comprising also thè agrotechnical and plant-protectional methods 
which are to be applied to them. 

The present book belongs to thè first group, and in this category it is probably one of 
thè most complete and most accurate works. The author is a specialist of plant breeding, who 
has acquired neotropical experiences of high level, and who has achieved considerable results 
also as an active genetic in thè field of plant breeding and domestication of certain cultural 
plants (e.g. Lupinus , Phaseolus). 

In a short, generai introduction, thè author makes two important statements. By 
placing thè modern genetical and selectional aims of plant breeding in contrast with thè naturai 
selection of spontaneous mutants, he calls into doubt Darwin’s statement according to which 
thè genesis of cultural plants is a model of evolution with respect to thè whole kingdom of 
flowering plants. The author is undoubtedly right in that our yieldy culture variants of very 
low competitiveness and even of inability to reproduce themselves can much rather be con- 
sidered as products of an “anti-evolution” than models of evolution. It must, however, be 
remarked also that probably even Darwin himself — had he been in possession of thè up-to- 
date storehouse and results of genetics — would not have formulated thè criticiscd thesis. 
An even more important chain of thoughts is thè one in which thè author criticizes Vavilov’s 
gene-centre conception (pp 17—21), on thè basis of partly his own neotropical examinations 
and partly thè researchers of thè Near-East “gene-centre” (Harlan, Helbeak, Zohary). The 
most important of his objections are as follows: 

a) Vavilov’s montane gene centres are more appropriate to be considered as gene 
reserves than evolutionary centres; 

b) there are numerous examples ( Oryza , Solarium , Lycopersicon , Ananas) to prove that 
no homogeneous gene centres can be found and indeed thè centres of origin and that of mutabil- 
ity of many taxonomical groups can occasionally occur even geographically very far from one 
another; finally; 

c) thè gene centre theory is completely inapplicable in thè tropical areas of South- 
America; Vavilov‘s gene centre No. Vili, is fully diffuse and inconfinable. 

On thè basis of thè above arguments, Brucher attacks Vavilov’s gene centre theory 
in its fundaments. We can agree with thè author in that most of Vavilov’s gene centres would 
rather seem to be a domestication centre than a centre of evolution. It is also admittable 
that South-America is not a homogeneous gene centre and even its interpretation as an area 
is very questionale. It is not by mere chance that thè present successes of agricultural gene¬ 
tics, and its possibilities appearing as almost unlimited, suggest thè idea that Vavilov’s thesis 
should be interpreted by an approach from thè opposite direction. Namely, it is not thè gene 
centres of thè cultural plants as economie bases where thè ancient cultural centres of mankind 
have grown out from, but thè other way round, thè activity of domestication carried out in 
these culture centres has led to thè forming of thè denseness centres of culture plants. In this 
case Vavilov’s gene centres would be really secondary evolutionary centres induced anthropi- 
cally, or more exactly domesticational gene centres. This debate can be settled only be means 
of further researches. In my feeling, however, thè solution will lend itself not primarily from 
a plant geographical approach but thè clarifying of thè genetical past and present of thè vari- 
ous culture plant groups may provide thè explanation of thè question. 


9* 
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There are severi chapters in thè hook; viz. (1) starch plants, (2) protein plants, (3) in¬ 
dustriai pianta, (4) fruit and vegetable plants, (5) spice- and drog plants, (6) oil crops and 
finally (7) palms as starch, oil and protein plants. 

The origin, genetical conditions, taxonomical relations, description, conditions of domesti- 
cation, importance and mode of using with respect to all thè plants are discussed, by mentioning 
a total of more than 900 crops or related plant species. All these testify to thè author’s ex- 
tremely comprehensive knowledge of material. Therefore, it is surprising that Pouteria domin- 
gensis (Mamey colorado), thè wide-spread fruit-tree in thè Antilles, and even its processing 
for preserve industriai purposes is known, has been left out of discussion. According to thè 
monographic elaboration of Dahlgren and Glassmann, Copernicia australis Becc. is identical 
with Copernicia alba Morong, and also C. palmata is no else than a variant of thè same species. 

Notwithstanding all these, Brùcher’s book is an extremely valuable work of modern 
genetical views, endeavouring to cover all thè material; it is one of thè most excellent modern 
and comprehensive works which have recently been written on tropical useful plants. It is to 
be emphasized as its merit that with special regard to thè demographic explosion that can 
be expected to occur in thè tropical developing countries it suggests and describes several such 
useful plants and not-traditional food plants which are suitable for developing them and which 
may well alleviate thè future worries of food supply. 

A. Borhidi 

Evans, H.: Botanical prints, with excerpts from thè artist’s notebooks. San Francisco, W. H. 
Freeman and Comp., 1977, 70 pp, 29 black and white and 33 color plates. 

The artist presented his works in numerous individuai exhibitions and in a number of 
volumes of similar character, achieving international acknowledgement. His reviewers mention 
at thè first place thè appreciation acquired by him in thè circle of botanists, then they continue 
thè line w T ith artists, art collectors and nature levers. 

Let us, however, consider here his graphica only from thè viewpoint of botany. The 
specialisti eye is accustomed to thè detailed presentation in water-colour paintings. It was 
already years ago that among thè researcher’s coworkers also draftsmen made their appear- 
ance, who now carries out thè drawing of black and white figures in a rcliable manner. More- 
over, thè world of colour photographs, thè picture of plants taken in their surroundings, and 
rich in tone, has become accustomed. When we are turning over thè pages of Evans’ book, 
we get into an entirely different world from these. His plants, depicted on white pages, and 
standing by themselves, recali a tradition going back to thè beginnings, thè most conspicuous, 
however is his application of reduction, which follows from botli attitude and techniques. 
This is from which his values, individuai characteristics originate, but at thè same time thè 
limitations of thè presentation as well. The artist is interested in thè whole of thè mode of 
growth, thè “gesture” of thè plant, and this is by which he produces essential impression on 
thè viewer. Structural characteristics are also discovered and indicated sometimes, but un- 
folded only in particular cases. The artist has specific sense for emphasizing contrary pheno- 
mena; this may occur in form or colour, or sometimes in thè bizarre character of thè gesture. 

For thè man of Science thè lino cut is strange or at least unusual, here however, it must 
be accepted as a key to thè interpretation of these works. In thè black and white illustrations 
thè object is silhouette-like and thè beauties of form appear clearly, in an abstract manner. 
The way of depicting thè colour pictures based on 2 — 4 colours suggests other problems; thè 
picture is very different from thè nature of both thè naturai material and thè one we are 
accustomed to. Hard contrasts can be seen, while individuai colours, chosen in good taste, are 
dominant in thè pictures. For thè sake of effect, thè artist gives up even thè possibility of scale 
enlargement by pressing different colours on one another. Transitories appear only on some of 
thè pages thè petals of Brodiaea pulchella , or in thè different way of treating thè surface ( Rosa 
virginiana ; we are coming back to this later on). 

The cultivators of thè special Science of botany come across a number of graphical 
techniques in thè reference material, although there are only a few of them who recognize 
these graphical techniques and who can appreciate thè peculiar taste in them. The possibilities 
and limitations of these techniques are always considered from thè practical viewpoint, as thè 
well or less well usable accessory devices of thè specialized literature. Undoubtedly, thè justi- 
fication of lino-cuts is questionable on thè part of thè specialist if we consider these pictures 
as botanical illustrations. When however, an artist specializes himself for plant portraits, it is 
naturai that he himself choses thè technique by means of which he depicts his objects and 
expresses himself. These works are independent picture-graphics; their creator may apply in 
a sovereign manner thè means best fitting to his creative method. In studying this book, thè 
question arises, however; why is it that these pictures do not bear in them thè characteristic 
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marks of thè style of lino cuts? For, by working in thè flexible block of linoleum, thè line — in 
accordance with thè technique — is Blightly restless; thè block-like appearance of thè homo- 
geneous surfaces is disturbcd by fine differences — both in a positive and a negative sense — ; 
thè nature of thè material is not suitable for introducing evenly thin lines, for reproducing 
minutiae. Herc however — surprisingly — all these do not cause any problem. In addition, 
it is vain to look for thè traces of forni of thè printing block on thè rigorously white paper 
of thè book. 

Besides all these, by turning thè pagcs with interest, we can say it is above all thè 
pleasant rhythin that draws thè eye: thè nice typography, thè finely divided block of thè types, 
thè beautiful black-and-white pictures placed on thè margins and on thè facing pages thè plant 
illustrations inprinted in compact colours. The quotations taken from thè author’s note book 
give an insight into thè pliases of making thè illustration — into all thè phases of both chosing 
thè subject, composition, and producing thè cut and thè block, herc included thè quality of 
thè paper, nature of thè printing ink and thè way of using thè hand-press. In thè meantime 
thè artist tells us his view of art and portraiture of plants. Along with thè individuai pictures 
there are accurate data: thè scientific name of thè plant, thè site of collecting and drawing, 
thè year of producing thè picture, thè make of thè paper, thè number of copies, thè size of 
lino block. From thè latter it appears that, with a few exceptions (e.g. Anemone patens , Viola 
pedata ), thè blocks are drawn to scale; to half (e.g. Viola papilionaceae ), or to a quarter (e.g. 
Briza maxima). The reduction of thè black-and-white and of colour illustrations is in generai 
different, that of thè former ones is more pronounced. The view of one or thè other colour 
portrait, nevertheless, surpasses thè measure of thè distance between thè eye and thè book 
page and would rather be suitable on a wall (e.g. Carnegiea gigantea ), while certain of these 
portraits belong in thè sphere of plane-decoration (for example, Vitis vinifera , Traminer). 
On thè other hand, graphical pages can be objectively judged only on thè basis of originai 
impressions and here we deal with a book multiplicated by means of thè printer’s procedure. 

For thè botanist it is thè view of thè plants that represents value: thè summarizingly 
depicted, characteristic proportions of thè object, and thè “gesture” which is also a confession 
of thè mode of life of thè plant. In this respect, a lasting impression is made, for 
example, by Carnegiea gigantea , Bambusa multiplex , Polypodium scouleri , Pinus strobus , grass 
species indetermined (p. 38), Viola papilionacea , Narcissus hybrid, etc., with their summarily, 
powerful expression. It was, however, unfortunate to include in thè series thè Helianthus annuita, 
Tulipa gesneriana and a few other pages. While in Eschscholzia californica and Dianthus caryo - 
phyllus thè demonstration of thè characteristics of thè leaf and thè petal is beautiful, in thè 
picture of Rosa virginiana that is unsuccessful from thè viewpoints of both botany and art 
form. 

When secing thè quict illustrations, summarizing with unbroken lines, we may also 
miss something: thè artist is in debt of providing us thè experience of secing sketches. Con- 
sidering that creative works of graphic arts are discussed here, we could acquire a picture of 
thè artist’s workshop not so much by means of words as by drawings in pencil. These are some 
times able to teli us more about thè intention of thè artist, thè genesis of creative work and 
about thè object than do thè finished works. 

Zs. Bunke 


Hirose Hiroyuki et al.: Illustrations on thè japanese fresh-water algae. 

Uchidarokakuho Publishing Co., Ltd. — 1-2-1 Kudankita, Chiyoda-ku, Tokyo, Japan. 
1 — 959, with 64 illustrations in colour, in 8 coloured plates; with numerous tables and with 
drawings on all thè algae. 

The number of algal taxa observed in Japan can be around 3800. This book describe s 
these algae living in fresh waters. The first volume of thè book was published in a very hand- 
some layout, in 1977. In thè first volume, Bacillariophyceae did not receive space. Their fresh- 
water taxa, about 1500 in number, will be given in thè second volume. 

In thè first volume 2308 fresh-water algal taxa, with figures, short characterization, 
and mention of thè biotopes, occurrences, can be found. The figures are placed on thè left-hand 
pages, while thè descriptions on thè facing pages, thus thè book can be used with comfortable 
and without ambiguity. 

Following thè figures, thè characterizations and remarks, some guidance, advice with 
respect to fresh-water algae is given. Moreover, thè history of thè Japanese research into algae 
is also given. The ampie literature occupies 43 pages, and thè majority of thè many hundreds 
of works quoted are of Japanese authors. The works of authors from other countries liave been 
given space in thè volume when they have helped in thè work of dctermination. The work 
ends with name and subject indexes in Japanese and in English. 
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The taxonomical composition of thè fresh-water algae of Japan differs frorn that 
observed in Hungary. In Japan, after Bacillariophyceae consisting of some 1500 taxa, there 
come Conjugatophyceae of 1132 taxa. Cyanophytes of 443 taxa stand in thè third place. The 
number of Chlorophytes, which are very frequent in Hungary, is only 359. There is only one 
more algal group, Euglenophyceae , which is represented by taxa over 100, that is 135. The 
number of Charophyceae taxa is 74, that of Xanthophyceae is 49, Chrysophyceae 47, Dino - 
phyceae 35. 

The work is written in Japanese; it contains only a summary of some two pages in 
English. Nevertheless, we can turn thè pages of this very instructive liuge volume of beautiful 
layout, and wonderful illustrations with great use, for thè figures spcak for themselves. The 
authors ha ve accomplished a great work and deserve thè fullest appreciation: Akìyama 
Masaru, Hirano Minoru, Hirose Hiroyuki, Imahori Kozo, Ioriya Teru, Kasaki Hideo 
Kobayashi Hiromu, Rumano Shigeru, Takahishi Eiji, Tsumura Kohei, Yamagishi 
Takaaki. 

T. Hortobàgyi 

Frank A. Loewus and V.C. Runeckles (eds): The structure, biosynthesis, and degradatimi 
of wood. 

Recent Advances in Phytochemistry. Volume 11. pp. 527, fig. 229. Plenum Press, New York, 1977 

This book comprises thè material of thè selected lectures delivered at thè sixteenth 
animai meeting of thè Phytochemical Society of North America, in Vancouver, August, 1976. 
The book containing 11 chapters deals in detail with thè structure, biosynthesis and degrada- 
tion of wood, and reviews thè recent scientific results till 1975. These chapters have a common 
feature, namely thè emphasis has been placed upon thè living tree and thè changes which it 
undergoes in its life and degradation. 

The first part of this volume is concerned with a review of thè ultrastructure of thè celi 
wall, then thè Chemical structure and biosynthesis of carbohydrate polymers, glycoproteins, 
lignin and lipid polymers in other words thè major components of wood and woody celi walls 
are discussed. 

In thè second part of thè volume a particular emphasis is placed upon thè secondary 
changes which occur within thè wood, including 

— thè influence of various environmental conditions during growth; 

— thè degradation of celi wall carbohydrates by micro-organisms; 

— thè microbial degradation of lignin; 

— thè cytological and anatomical changes by insects and pathogens. 

The final chapter deals with thè potentials and practicalities, successes and failures in 
thè development of commercial wood products, emphasizing those materials which can he 
obtained directly as extractives or by treatment of wood. 

Titles, authors’ name and content of thè individuai chapters are outlined as follows: 

1. Wood Ultrastructure in Relation to Chemical Composition. Coté, W. A. (pp. 44, fig. 39, ref. 52) 

The generai Chemical composition of wood, thè physical features of each Chemical com- 
ponent are described. The various celi wall structure of thè fibers and tracheids formed within 
thè tension and compression wood of some coniferous and deciduous species are examined. 
Moreover, thè author presents thè distribution of thè main Chemical components within tlie 
celi wall layers. 

2. The Biosynthesis of Cellulose and Other Plani Celi Wall Polysaccharides. Delmer, D. P. 
(pp. 32, fig. 6, tabi. 7, ref. 105) 

The theoretical considerations of plant biosynthesis are presented with a view to thè 
possible synthesis of thè matrix component in vivo and in vitro. Between thè special problems 
of cellulose synthesis thè author deals with thè fundainental questions of thè biosynthetic 
studies and thè possible substrates. Furthermore, he describes thè recent results obtained in 
thè research of thè non-cellulotic polysaccharides of cottoli fibers. 

3. Structure , Biosynthesis , and Significance of Celi Wall Glycoproteins. Lamport, D. T. A. 
(pp. 36, fig. 18, tabi. 11, ref. 50) 

The author has studied thè structure of extensin, thè hydroxyproline-rich glycoprotein. 
Moreover, thè role of extensin in thè life-functions of some algae and sea-weeds has been 
discussed and elaborated. According to assumptions thè proceeding of extensin and collagen, 
thè starting materials and conditions of their biosynthesis are fairly siinilar. This appears to 
be justified by thè results of amino-acid analysis of these two materials. On thè basis of experi- 
ments it can be supposed that thè origin of glycoprotein (extensin) is a primary step in thè 
origin of thè eukaryotes. 
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4. Degradation Products of Protolignin and thè Structure of Lignin. Akira Sakakibara (pp. 22, 
fig. 8, tabi. 5, ref. 57) 

The author studied thè products of hydrolysis with dioxane and water, and thè catalytic 
hydrogenolysis of protolignins. He examined thè effect of thè catalytic hydrogenolysis and 
oxidating degradation in some deciduous and coniferous species. He mentions in particular 
thè generai Chemical properties of thè compression wood lignin and thè quantitative differences 
between thè individuai coinponents, as compared with normal wood. 

5. Biosynthesis of Lignin and Related Monomers. Gross, G. G. (pp. 43, fig. 12, tabi. 6, ref. 166) 

The author deals with thè monomers, thè fundamental steps of thè lignin biosynthesis. 
He discusses in detail thè necessary conditions for thè phenylalanine-cinnamate synthesis 
(deamination, enzymes which promote thè hydroxyl and methyl substitution, thè enzymatic 
hydrolysis of cinnamic acid into alcohol, and thè polymerization of these alcohols into lignin). 
Furthermore, thè author describes thè relation between thè tissue specificity of enzymes and 
thè lignification. Finally, he mentions some taxonomic considerations. 

6. Lipid Polymers and Associated Phenols , Their Chemistry , Biosynthesis and Role in Patho - 
genesis. Kolattukudy, P. E. (pp. 62, fig. 25, tabi. 9, ref. 122) 

The author makes known thè methods which are suitable for separation, degradation 
of lipid polymers, and for analysis and structure determination of monomers. He made in- 
vestigations to determine thè components and structure of cutin and suberin. The author 
mentions thè possible role of enzymes which depolymerize lipid polymers in pathogenesis. 

7. Secondary Changes in Wood . Hillis, W. E. (pp. 61, fig. 1, ref. 365) 

The author describes thè heartwood formation within thè sapwood. He accentuates 
thè resistance of heartwood is increased of thè accumulation various non-structural components 
(resins, colouring agents and tannins). 

8. Degradation of Polymeric Carbohydrates by Microhial Enzymes. Reese, E. T. (pp. 57, fig. 18, 
tabi. 12, ref. 83) 

The author deals with a centrai question concerning thè enzymic degradation of poly¬ 
meric carbohydrates, namely, that organism are capable of consuming foods which can be 
transformed into a liquid state, so thè application of solid substrates has not been resolved. 
The application of some water-soluble enzyme products may be able to resolve this problem. 

9. Advances in U nderstanding thè Microbiologie al Degradation of Lignin . Kirk, T. K., Con- 
nors, W. J. (pp. 26, fig. 5, tabi. 3, ref. 63) 

The authors studied thè effect of environmental factors on thè fungal and microbio- 
logical degradation of 14 C-labelled lignin. A particular emphasis is placed upon thè degradation 
of lignin by specific fungus and thè industrially applicable degrading processes. 

10. The Non-specific Nature of Defense in Bark and Wood during Wounding. Insect and Patho - 
gen Attack. Mullick, D. B. (pp. 52, fig. 38, tabi. 2, ref. 48) 

The author studied thè wounds caused by thè balsam woolly aphid as a model of patho- 
gen and plant interactions. He studied thè pigment formation in thè periderm as an effect 
of injury, thè defending mechanism in thè plant tissues during thè tests (development of non- 
suberized impervious covering and bark, etc.). When injuries are deep, thè outer annual rings 
of thè cambium and sapwood also participate in thè callus formation. 

11. Utilizalion of Chemicals from Wood: Retrospect and Prospect. Herrick, F. W., Hergert, 
H. L. (pp. 74, tabi. 5, ref. 206) 

The authors give a comprehensivc survey of thè wood constituents (i.e. terpenes, resins, 
waxes, colouring agents and tannins), carbohydrates and their derivatives (wood sugar, 
furfural, levulinic acid, etc.), and Chemical products derived from lignin (vanilin, guaiacol and 
other fenolic compounds); all these constituents can be recovered by direct (extractive) pro¬ 
cesses. As to thè utilization of waste wood and pulp, in thè future thè biochemical processes 
may be able to resolve this question. 

Each paper presented no doubt, will be of interest to researchers providing new infor- 
mation in their special field. Nevertheless, we wish to stress thè importance of thè studies of 
Lamport, D. T. A. and Kirk, T. K.— Connors, W. J. The former reports on new experi- 
mental and theoretical information with respect to thè common ancestry of extensin and 
collagen. The latter is concerned with thè newest enzymatic processes and pathways for micro- 
biological degradation of lignin. 

This book is recommended to biologists, biochemists, chemists, xylotomists, phyto- 
biologists, and researchers dealing with forestry and wood industry. 


K. Babos— J. Horvath 
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Rùzicka Jiri 1977: Die Desmidiaceen Mitteleuropas. Bd. 1, 1. Lieferung, K. Schweizer- 
bart’sche Verlagsbuchhandlung (Nagele und Obermiller). Stuttgart, 292 pp, 18 figures in 
thè text, 44 plates with drawings; price: 138 DM. 

The tendency has since long been observable that certain branches of algology become 
independent, that is, separate branches of Science. The independent branches of Science are 
kept in unity and separated from other branches by thè object of thè examination being 
i dentical and by thè common method of investigation. Algae comprise such a large systematic 
domain that a taxonomist is able to know only a smaller group of them in detail. The methods 
of sampling, preparation, and processing are also different from case to case, mainly since 
thè electronmicroscope can also be found in thè storehouse of luckier algologists. Diatomology, 
which had been thè earliest to get separated, was not long ago followed by desmidiology thè 
first independent congress of which was held in 1971. 

Desmidiology has a few standard works: W. West and G. S. West 1904—1932, Krie- 
ger 1933, 1935, 1937, 1939; Kossinskaya 1960. Beyond all these, however, there was a great 
need of such book that could offer an up-to-date criticai survey, and a revision of thè numer- 
ous taxa. In reading thè first volume, it is a great pleasure for us to greet thè long awaited 
work in that of RÙZicka. Specialists, dealing only with off-European materials may consider 
as its shortcoming that thè book comprises primarily only occuring in Central Europe. Several 
viewpoints make us, however, agree with thè author’s attitude of decreasing thè volume of thè 
book. It enough to think only of thè circumstance that thè elaboration of Desmidiaceae out- 
side Europe has already been started at several places (Hirano, Bicudo, etc.), further, that 
thè book would have been increased in volume and could have been published only much 
later, involving that its price which is anyhow not negligible would have further increased. 

The aim of thè book is to make it possible that Desmidiaceae species found or expected 
to be found in Central Europe are determinable from it. The characteristics of thè species 
outside Europe are also touched upon in short, but a detailed characterization of them is dis- 
pensed with. The work is primarily of a taxonomic subject, but short physiological, cito¬ 
logica], ecological and phytogeographical remarks are also to be found when they provide 
assistance in thè characterization of thè species. 

The author helps thè recensisti work to a great extent by listing in thè Preface thè 
differences point by point occurring in his book with regard to determinations as compared 
with earlier textbooks on algae. 

The first such characteristic is that thè International Code of Botanical Nomenclature 
is strictly observed. It is regrettable that such a naturai obvious requirement can be registered 
as a merit but it is a fact that a wrong conservatism is prevailing in algology. Occasionally, 
even thè most excellent algologists ignore or badly interpret thè priority rule, injure thè rules 
of valid publication, etc. RÙìicka, from thè viewpoint of a Desmidiaceae researcher, reviews 
and interprets onc by one thè rule most frequently unobserved. Unfortunately, thè Code is 
not, or only partly, understandable for those who have never been engaged in nomenclature 
as yet; it is unavoidable that we should have an expertise guidance in thè jungle which is 
almost like thè language of legai men. In this respect, not only desmidiologists but also algo¬ 
logists can make use of this work. 

The second emphasized characteristic is thè monothetical conception of thè taxa; thè 
sum of each superior taxon comprises those of thè subordinated ones, which is in agreement 
with thè instructions of thè Code (Item 25). Dissimilarly to this, traditional algology follows 
a polythetical conception; according to this, thè higher taxon, for example, species is con- 
sidered as regular and to this thè subordinated taxa, for example, varietas or formae are 
ordered as exceptions or deviations. The taxonomic keys of thè polythetical conception are 
essentially worse, misleading. It was only thè species that were built into a traditional key, 
varieties and forms which made thè exceptions were not, whereby they sometimes were not 
even able to be determined on thè basis of thè key. Besides thè difficulties of language, this 
has been another cause that a considerable part of thè algologists do not determine on thè 
basis of thè key, but looks at only thè figures and translates only thè species description. If we 
work not on thè basis of thè taxonomic key but only on thè basis of thè figures, then we may 
fall into great errors sometimes since not all thè characteristics are such that they can be 
depicted satisfactorily. The spread of thè monothetical conception will presumably change 
this absurd situation for thè better. 

The third characteristic: thè author evades making categorical generalizations thè 
validity of which has not been proved, and instead of this, endeavours to point out thè short¬ 
coming of our knowledge, and thè necessity of further examinations. His pointing out thè 
problems is not accompanied by a blowing up of them and by his calling into doubt of thè 
possibilities and use of further researches; that is, thè argumentation does not lead to nihilism 
but has a positive outlook. 
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The fourth characteristic is an objectivc supervision of thè systematic characters. Hcre 
thè author puts an emphasis on his opinion that taxa can be based on nothing else but on 
genetically fixed, heritable characters. The variable appearances which are not heritable but 
come into existence under thè influence of for example thè environment, cannot be ordered 
even into thè variety or form values, but their name is morph without any systematic value, 
and no author’s name can be written to them. Unfortunately, this view has not yet become 
satisfactorily generai in algology. New taxa come into existence on thè basis of little morpho- 
logical differences observed on a single specimen. A great majority of these prove to fore- 
doomed to failure due to thè above causes. There were several researchers who one after thè 
other pointed out that thè use of quantitative characters should be avoided also in algology. 
Allen (1958), for example, proved of one of thè main taxonomic characters — thè width of 
filament — of thè Spirogyra species that in thè species examined it depends on thè level of thè 
polyploid individuals. Also Rùìicka mentions that thè biradial and triradial forms of thè 
same species, which occasionally are of this forni also because of thè differences in thè ploidy 
level, cannot be considered as separate taxa. To them he uses thè names of no taxonomic 
value, viz. facies 2 and facies 3. The taxa named varietas “maior” or form “minor” need 
revision by any means because it is not right to use thè strongly undecided differences in sizes 
as a basis for determing taxa. It is increasingly evident that if algology wants to create a last- 
ing System, it cannot do it without having a certain form of cultures. No decision can be made 
whether a character is reliable or not if there is no culture. The picture of morphological 
variability is also larger if obtained on thè basis of cultures. 

The fifth characteristic is that thè author always derives thè description of thè taxa 
from thè originai diagnosis, and not from thè later monographs which are more or less different 
from thè originai. Unfortunately, there are only very few algologists who follow thè same 
view and therefore, there has arisen a great chaos in respect of certain taxonomical groups. 

The structure of thè material is as follows: The name of thè species is followed by thè 
description of thè species. The enumeration of thè separating characters is very useful because 
in thè knowledge of them even thè less skilled taxonomist can determine thè species with 
more certainty. Under thè heading “Taxonomy”, thè most essential knowledge of taxonomy 
and nomenclature is discussed. In thè generai textbooks on determining taxa this part is most 
needed by thè user, that is where thè author would point out thè contradictions occurring in 
specialized literature and would provide a basis for his own position. Ilere thè merit of thè 
book, mentioned earlier, is realized in that RÙ2i£ka does not declare but takes a stand. Under 
thè heading “variability”, we receive a comprehensive picture of thè variability of thè charac¬ 
ters of thè individuai taxa. In case of species, thè author describes here thè infraspecific taxa 
occurring outside Europe. In thè chapter entitlcd “occurrence”, thè ecological requirements and 
thè distribution of thè specias, with special regard to Central Europe, are discussed. The plates 
with drawings are of very nice design, and a consideratile part of variability is represented 
also in pictures. The keys are of a good structure; oue point separates on thè basis of several 
characters at thè same time, thus thè possibility of error is smaller. 

The reader’s work would be considerably easier if in thè register to be found at thè end 
of thè book, not only thè page numbcrs but also thè numbers of thè tables and figures would 
be indicated. Further unnecessary thumbing of thè book could be sparcd if thè keys indicated 
thè page numbers instead of thè serial numbers of thè taxa. It would have been a pleasure 
for me to read about thè results of thè taxonomical researches carried out with thè electron 
microscope, first of all thè scanning electron-microscope, about their perspective, and thè 
conflict arising from thè different possibilities of thè classical and thè electron-microscopical 
methods. The book is in German, which to a certain extent prevents its use on a large scale. 
This disadvantage is, of course, not serious since thè taxa are related to Central Europe. The 
majority of thè textbooks on taxonomical determination are written in German, therefore 
algologists know thè language anyway. 

Taking all in all, thè render will receive a textbook of such outlook that serves useful 
knowledge not only to researchers into Desmidiaceae . 

L. Hajdu 


Simon, T.: Vegetationsuntersuchungen in Zempléner Gebirge (Abgrenzung zònologischcr Ein- 
heiten unter Anwendung quantitativer und rechentechnischer Methoden; Vorstellung der 
zytozònologischen Analyse). In: Die Vegctation ungarischer Landschaften, 3 vegetation maps, 
22 tables, 351 pp, Akadémiai Kiadó, Budapest 1977. 

The subject of examination, Zemplén mountain, lying in thè North-Eastcrn part of 
Hungary, is of volcanic origin. The present book is an analysis of thè forests and rock meadows 
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rich in Carpathian fiorai elements. The work is characterized by a complex, many-sided ap- 
proach: thè phytocenological analyses are well supplemented with other related analyses. 

In thè introductory part, those chapters are contained which deai with thè generai 
description of thè area; thè geological, geographical-geomorphological, hydrographical and 
climatical characterization and that of soil Science; thè historical background of fiorai and 
vegetation research, and also thè description of flora and vegetation on a large scale. The plant 
cover is discussed by an approach from zonal and azonal (edaphical) viewpoints. The author 
puts emphasis on thè statistical elaboration of cenological tables; similarity in vegetation is 
expressed by chi 2 -values and thè cenological distance by its reciprocai value. The large volume 
of thè material made thè computer procession necessary; after Polish authors (Kulczynski, 
Czekanowski and others), thè cenological contexts are illustrated graphically, in thè form 
of dendrites. 

The hard core of thè work is thè cenological elaboration related to rock meadows and 
foresta (pioneer rock meadows rich in mosses, partly communities described by thè author, 
and partly cenoses which are slightly known yet). The meadows and rock shrubs examined 
are mosaic — like components of thè forest steppe; economically they are less valuable but 
from thè viewpoints of nature preservation they are increasingly more so. The essential part 
of this chapter and of those dealing with forests is thè soil ecological analysis. The chapter 
dealing with forests is also abundant in originai material (for example, montane beaches). 
A specific feature is thè silicate rock forest ( Sorbo-Quercetum petraeae) described here (thè 
presence of which could be stated by thè reviewer also in Matra mountain); this silicate rock 
forest is an equivalent — occurring in thè Northern Mountain Range — of Luzulo-Ornetum 
(occurring in thè basalt mountains around thè Lake Balaton). A phytocenological classification 
of grasslands and forest communities according to thè Ziirich—Montpellier school and to thè 
Hungarian cenological System is also attempted by thè author. 

It should be remarked that giving thè cenological pictures in thè form of tables among 
text parts is not successful, interruption is to thè disadvantage of surveying. The drawings and 
photographs are excellent and serve better understanding well, while thè photographs could 
bave deserved a better quality of paper. 

After Tischler and others, thè author carried out also thè cytoecological analysis of 
thè vegetation units (by giving at thè same time an appreciable historical survey of this 
question as well), emphasizing that such an analysis into cenotaxa covering a large scope 
(e.g. association) may, however, lead to contradictorily results. Accordingly, thè analysis of 
srnaller entities (synusiae), or of so-called ecological species groups is of more expectation. 
Therefore, ecological species groups are used on thè basis of thè water supply (W) and pH- 
value (R) of thè habitats. It is interesting that extreme W-values (thus, either low or high 
values) entail a higher polyploidy ratio. A definite relationship between thè diploid/polyploid 
ratio and W-values expressing thè water ecology of thè associations examined in thè Zemplén 
mountain could be stated. On thè other hand, thè author succeeded in pointing out that in 
thè communities which developed in basic soil polyploids are almost exclusively dominant; 
anyhow, of thè two factors, thè role of water seems to be more important. 

The peculiar postglacial residue character of thè region could be characterized also by 
palynological (pollen-analytical) examinations. The spatial relations of thè vegetation units 
can be studied on two detailed vegetation maps (1 : 10 000) and on a surveying map. 

Mosses play an in generai greater part in succession and soil preparation (towards tlie 
rock meadows), and in thè forests as a result of thè widely-covered moss synusiae, and moss 
cushions) of thè Zemplén mountains. Therefore, thè author pays great attention to bryocenol- 
ogy and bryoecology. The data related to 88 species and 20 plant communities with respect 
to soil moisture content and pH distribution may well invite thè interests of bryologists. 

The book can be recommended not only to thè specialist community of botanists but 
also to readers working in practice. The communities, forest types are important also for 
forestry practice. In order to facilitate thè acquiring of their knowledge, thè author prepared 
thè taxonomic key of thè communities, by means of which a forester specialist, for example, 
can quickly determine where a concrete stand belongs typologically. Practice is served also by 
wood-volume data related to 27 types of forests. 

The book may well be recommended to all Hungarian and Central-European botanists, 
and evcn to a wider sphere, comprising not only specialists, because of its novelties more 
generai in nature, an e.g. in relation to methodology. 


G. Fekete 
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SECOND INTERNATIONAL CONGRESS OF SYSTEMATIC 
AND EVOLUTIONARY BIOLOGY 

(1 CSEB-II) 


THE SECOND INTERNATIONAL CONGRESS OF SYSTEMATIC 
AND EVOLUTIONARY BIOLOGY (I CSEB-II) WILL BE HELD AT THE 
UNIVERSITY OF BRITISH COLUMBIA, VANCOUVER, CANADA, 17—24 
JULY 1980. 

THE PROVISIONAL LIST OF SYMPOSIA TOPICS INCLUDE: 

1. ARCTIC REFUGIA AND THE EVOLUTION OF ARCTIC BIOTA 

2. ORIGINS AND EVOLUTION OFTHE NORTH PACIFIC MARINE 
BIOTA 

3. EVOLUTION OF REPRODUCTIVE STRATEGIES 

4. EVOLUTIONARY EPIGENETICS 

5. EVOLUTION OF COMMUNITY STRUCTURE 

6. GREEN ALGAE AND LAND PLANT ORIGINS 

7. MACROMOLECULAR MECHANISMS IN EVOLUTION 

8. ALLOZYMES AND EVOLUTION 

9. COEVOLUTION AND FORAGING STRATEGY 

10. EVOLUTION OF COLONIZING SPECIES 

11. RARE SPECIES AND THE MAINTENANCE OF GENE POOLS 

12. PALEOBIOLOGY OF THE PACIFIC RIM 

ADDITIONAL SYMPOSIA MAY BE INCLUDED. 

SESSIONS FOR CONTRIBUTED PAPERS AND FOR PAPERS IN 
SPECIALIZED FIELDS, TAXONOMIC AS WELL AS METHODOLOGICAL 
WILL ALSO BE ORGANIZED. 

THOSE INTERESTED IN RECEIVING AN INFORMATION CIR- 
CULAR IN THE SPRING OF 1979, SHOULD WRITE TO THE FOL- 
LOWING: 


DR. G. G. E. SCUDDER 

DEPARTMENT OF ZOOLOGY 

THE UNIVERSITY OF BRITISH COLUMBIA 

2075 WESBROOK MALL 

VANCOUVER, B. C. V6T 1W5 

CANADA. 
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ACTA BOTANICA 


TOM 24. Bbin. 3—4 
Pe3K)Me 

KCHJIOTOMHMECKHE MCCJlEflOBAHMfl HEKOTOPblX KVBHHCKMX flPEBECHblX 

BMflOB. II 

K. BABOLJJ m A. BOPXMAH 

Abtopu ornicbiBaioT caMbie rjiaBHbie Bueiumic MoptyojiorHHCCKHe CBOHCTBa, pacnpocr- 
paHeHHe h 3KOJiorHK), a Taione aHaTOMHMCCKne cbohctbb KCHJieMbi y 8 ApeBecubix bhaob 
K yOnHCKOH (J)Jlopbl: Curatella americana L. ( Dilleniaceae ), Luehea speciosa Willd. ( Tiliaceae ), 
Alvaradoa amorphoides Licbm. ssp. psilophylla (Urb.) Cronq. (Simarubaceae), Cyrilla L. ( Cyril - 
racemiflora laceae ), Lysiloma bahamensis Benth. ( Mimosaceae ), Myrsine cubana A. DC. 
( Myrsinaceae ), Mastichodendron foetidissimum (Jacq.) Cronq. ( Sapotaceae ), Linociera 
bumelioides Griseb. (Oleaceae). 


3J1EKTP0HH0MMKPOCKOnHMECKOE MCCJIE^OBAHME CHLAMYDOMONAS 
MEDIA KLEBS ( CHLOROPHYTA) BO BJlA>KHOfl OA3E 

A. 3KE, E. KAJlbMAH h >K. n. KOMAPOMM 

BliOBb pa3BHTaB 3Jiei<Tp0HH0MHKp0CK0nHMeCI<a^ TeXHHKa AaeT B03M0>KH0CTb HCCJieAO- 
BaTb oObCKTbl B npw6jlH>KeHHbIX eCTeCTBCHHblX yCJlOBHHX. ABTOpbl H3yMaJlH B03M0>KH0CTH Mop- 
4>ojiorHMecKHx H3MeHennH y BOAapocjieii, npiiMHH^icMbix ejieKTpoHHbiM o6jiyMeHneM. B cjiyMae 
Chlamidomonas media Klebs Ha npTfl>KeHHH onblTa, aBTOpbl He o6Hapy>KHJIH HHK3KHX 3Ha- 
MHTejIbHblX MOp(})OJIOrHMeCKHX H3MCHCHHH. 


HAKOnJlEHME 3J1EMEHTOB BMflAMHTMHbl B BAJ1ATOHE 

M. KOBAM 

Bham THH (Ceratophyllum submersum, Hydrocharis morsus-ranae , Myriophyllum spicatum , 
Najas marina , Potamogeton pectinatus , P. perfoliatus , Stratiotes aloides , Utricularia vulgaris) 
nacTO BTpenaioiHHecfl b EajiaTOHe, b 3aBHCHM0CTH ot hx cnocoÓHOCTH k KaTHOHHofi cejieKijHH, a 
TaK>Ke ot oKpywaiomeH hx reoxnMHMecKOH cpeAw, HananjinBaioT b cbocm opraHH3Me b pa3JuiH- 
hom KOJiHHecTBe nccjieAOBaHHbie 6noreHHbie ajieMeHTbi, BepHee TH>Kejihie MeTajuibi (N, P, K, 
Mg, Na, Fe, Mn, Zn, Sr, Pb, Cu). IljiaBaioinafl THHa cnocoÒHa HaKonjiHTb TH>KeJibie MCTaajibi 
b nopflAKe IO 3 , a Taione nrpaiOLHHx pojibB 3yTpo(J)H3auHH 03epa a30Ta h (J)oc(J)opa b nopnAKe 
IO 4 —IO 6 . HaocHOBe bthx HCC/icAOBamiH mokct ObiTb onpeAejieHa 6HOAorimecKafl HHAHKaunfl 
HeKOTOpbJX BHAOB. 


CPABHMTEJIbHblE MCCJlEJJOBAHMfl OEPA3UOB nEPMOMTOHA, COBPAHHblX: 

B PA3JlMMHbIX TPOOMMECKMX BO^AX C ECTECTBEHHOrO CYECTPATA 

JIAKATOLIJ 

Pe3yAbTaTbi, nojiyneHHbie ot cpaBHHTeabHbix nccjieAOBaHHH t3kcohomhh h OnoMaccbi 
o6pa3UOB ecTecTBenHoro cybcTpaTa (Typha latifolia L.) KOTopwe Owah co6paHbi oceHbio 1974 
roAa H3 pa3JiHMHbix no Tpo(J)H3My boa (o3epo HbeKJiaAxa3H ojioroTpo<j)HMecKoe, BOAOxpaHHAiime 
O^apeTH Me30-3yTpocJ)HMecKoe, pbiOHoe o3epo nojirapn 3yTpo<})HMecKoe h pw6Hoe h pbiÓHoe 
03ep0 B XopTOÓaAH 3y-n0JlHTp0(J)HMeCK0e) HaXOAflTCfl B 3aBHCHM0CTH OT coctohhhh ayTpo- 
4>H3auHH HCCAeAOBaHHbix BOAoeMOB. Abtop onpeAejiHA, hto cyKMeccHOHHbifi npouecc3yTpo4>H3a- 
Uhh C03AaHHe b oahom onpeAeneHHOM ynacTKe 6noTCKTOHa yKa3bmaeT He TonbKo Ha coctohhhc 
T po(|)H3Ma a TaK>Ke h na ayTocanpobHOCTb. B AaHHotì CTaTbe aBTop yKa3biBaeT Ha CKpbiTbie 
nepcneKTHBbi, 3aKJnoMaioiuHecfl b npoBepKC KanecTBa boabi bnoTeKTOHa. 



flOnOJlHEHHE K CBE^EHMHM O KYEMHCKMX BMflAX POflA MELOCACTUS 


3. MECAPOUi 

Abtop flaji MOHorpa(})HqecKyK) o6pa6oTKy KyOnHCKHx bhaob b 1976 roAy b Acta Bo¬ 
tanica Acad. Sci. Hung. a TaK>Ke onucamie hobwx T 3 kcohob. B TO>Ke caMoe BpeMH Apeuec 
T3K>Ke onncaji AB3 HOBbix BHA3 Melocactus C KyGbi (M. actinacanthus , M. holguinensis) cpeAH 
KOTopux, nocjieAHHH 0Ka3ajiCB To>KAecTBeHHWM BHAy M. jakusii , onHcaHHOMy MecapomeM. 
B CTaTbe aBTop BKJHonaeT HOBbie TaKCOHbi b CHCTCMy Ky6iiHCKHx Melocactus a TaKH<e AaeT 
HOBbiH Oojiee pacuiHpeHHbiH kjiiom k onpeACJieHHio ao chx nop H3BecTHbix Tane oh ob. 


HCCJ1EAOBAHME COOTHOLLIEHMfl ME>K£Y BPE£OM nPMMMHHEMblM 
HACEKOMbIMM M POCTOM JIMCTbEB FIPM nOMOLIJM OriblTHOfl METOflMKM 

M. HAJXb 

CTaTbB coAep>KHT oiibiTHbie MOAejiHpoBaHHbie HCCJieAOBaHHB no BpeAy npHHHHneMOMy 
jiHCToeAHHbiMH HaceKOMbiMH. Abtop 3a BpeMH BereTaitHOHHoro nepHOAa 1977 roAa Mor bccth 
H a6jl!OACHHB HaA H3MeHeHHeM OTBepCTHH AHaMeTpOM 2 — 3 MM, npOCBepjieHHblX HaceKOMbiMH, npH 
noMOiHH CBeTOKonHpoBajibHOH 6yMarn “Diazol S”, Ha 800 jiHCTbnx HeKOTopwx AepeBb 
KycTapHHK h MnrK0CTe6ejibHbix. Abtop onpeAenuji, hto BMecTe c njiomaAbio jiHCTa pacTeT 
njiomaAb OTBepCTHH. OeneHb pocTa paajiHMHbix nacTen jihctoboh njiacTHHKH HeoAHHaKOBa, 
T3KHM ()6pa30M Te OTBepCTHH, KOTOpbie BH3MaJie HMCJ1H 0AHH3K0Byi0 nJIOlltaAb 6bIJIH pa3J!HHH0r0 
pa3Mepa a Taione h pa3JiHHH0iì (JiopMbi. Ha ocHOBe aToro aBTop Mor pa3AejiHTb uccjieAOBaHHbie 
BHAbi Ha Tpn ocHOBHbix poctobi>ix THna / anuKajibHbiH, 6a3ajibHbiH h MeAHajibHbiH h Asa noATHna 
(a6aKCHajibHbiH, aKCHajibHbin). rioBpe>KAeHHe jiHCTbeB HaceKOMbiMH b npoijecce pocTa jiHCTa 
nOCTOHHHO paCUJHpHJIOCb H T3KHM 06pa30M HenOCpeACTBCHHO npHHeHCHHblH BpeA Ha CpeAHHH Bec 
OAHOBpeMeHHO c npnpocTOM, npnxoAHiHHMCH Ha eAHHimy noBepxHOCTH jiHCTa, 6bui 3HanHTejibH0 
6ojibiiiHM, qeM KOJiHnecTBo opraHHnecKOH Macchi, KOTopyio AencTBHTejibHO ebenn HaceKOMbie. 
Abtop pa3pa6oTaji MaTeMaTnqecKoe cooTHomeHHe ajw onpeAejieHHH AencTBHTejibHOH BennHHHbi 
speAa npHHHHCHHoro HaceKOMbiMH. 


MYTArEHHblfi 300EKT nECTHUH^OB 

I. UHTOJlOrHMECKAH AKTMBHOCTb TEPEMUM^OB KAPEAMMflHOrO TMFIA 
HA flMMEHb (HORDEUM VULGARE L.) 

T. nyCTAM h A. BEr 

MccjieAOBaHHH npoBeACHbi Ha HHMene (Hordeum vulgare L.) c AeBHTbK) AeHCTByioiAHMH 
HananaMH rep6nuHAOB Kap6aMHAHoro Tuna (AnypoH, AHHypoH, MOHOJiHHypoH, xjiop6poMypoH, 
MeTOKcypoH, H3onpoTypoH, MeTo6poMypoH, MeTa6eH3TH33ypoH, xjiopOKcypoH) c itejibio H3yqe- 
HHfl BJ1HHHHH Ha npOpaCTaHHe CeMHH H UHTOreHeTHHeCKOfi 3KTHBH0CTH. 

finn Ka>KAoro AeficTByimiterò Hanana repOmtHAOB ycTaHOBjieHa jieTajibHan h J"W 60 A03a. 
JleTajibHan A03a K0Jie6ajiacb b npeAejiax ot 300 ao 1200 ppm, a ot 250 ao 1000 ppm. 

Hcnojib30BaHHe MeTa(})a3Horo MeTOAa rjm aHajiH3a aGeppaunn xpomocom no3BOJiHJio c 
6ojibineH TOHHOCTbio onpeAenHTb pa3JiHMHyio CTeneHb MyTareHHOH aKTHBHOCTH rep6nitHAOB. 
YpoBeHb MyTHpoBaHHH KOJieGajiCH Me>KAy 2,54 h 10,97%. Bwxoa xpomocomhux aóeppaijHH 
npn oCpaOoTKe MOHOJiHHypoH (10,97%), xJiopoOpoMypoH (8,06%), MeToOpoMypoH (6,68%) h 
MeTa6eH3Tna3ypoH (6,26%) npeBbiinan kojihhcctbo CTpyKTypHbix MyTaitHfi xpomocom (5,96%) 
npn o6pa6oTKe sthjichhmhhom (2,3. 10 _3 M), ho hh b oahom cjiyqae He AOCTnraji ypoBHH My- 
TnpoBaHHH) 12,06%) npn o6jiyqeHHH ccmhh y-jiyqaMH (10 000 p). C yBejinqeHHeM BpeMeHH 
o6pa6oTKH ceMHH pacTBopaMH rep6HUHA0B MeTa6eH3Tna3ypoH, xjiop6poMypoH h H3onpoTypoH 
Ha6jiiOAaeTCH noBbimeHHe KOJiHMecTBa aÒeppaijHH. Bo3pacTaHne KOHiteHTpaunH pacTBopa rep- 
Ghuhaob npHBOAHJio k H3MeHeHHio cnei<Tpa nepecTpoeK xpomocom. npn stom yBejiHHHBaeTcn 
KOJiHHecTBO (JiparMeHTOB. Bce ncribiTaHHbie rep6nuHAbi Bbi3hiBaioT Te >Ke caMbie THnbi nepe- 
CTpOeK, KOTOpbie B03HHK3JIH B OnbITe C o6p3Ó0TK0H STHJieHHMHHOM. PIpOAOJl>KHTejlbHOCTb Bpe- 
MeHH 06 pa 60 TKH CCMHH repOHlJHAaMH He 0K33bIBaJ10 BJ1HHHHH Ha H3MeHeHHe THna XpOMOCOMHblX 
a6eppaitHH. 


3J1MMHHAUMH XPOMOCOM B AJUlOnJlOMflHOM THBPMflE TAEAKA 
JI. CM/IA^H m A. X. HA£b 

ABTophi nojiyMHJiH «ranjiOHAHbie» pacreHHH b KyjibType TKaHH nujibHHKOB ajiJioruio- 
hahoto rrópiuta IV. tabaeum (Ky) x N. glauca, y Koroporo b pesyjibTaTe 8JiHMHHai|HH reHOMa 
xpoMocoMHoe mhcjio bmccto 2n=72 6njio 2n=48. AHajiH3 KapHOTtina ranjio HAHHbi pacTCHHtt 
noATBepAHJi mto b 3tom ruGpnAe coxpanHjicA reHOM N. glauca , a 3AHMHHauHH xpomocom 
npoH30iUAa H3 reHOMa N. sylvestris H N. tomentosiformis. 

CpaBHHTejibHbift anajiH3 npoTeHHOB h h303H3hmob rariJioHAHbix h hcxoahux pacTeHHfi 
noATBepAHA, mto b Mefto3e ajiJioruioHAa aBTocnHAeTHMecKHe GHBaAenTbi pacxoAHTCH npaBiuibno, 
a t.iiokc, mto aKTHBHocTb screpas haxoahtoi noA KOHTpQJiCM CTpyKTypHux h peryAHTopubix 
reHOB. BaaiiMOAeHCTBHe Me>KAy reHOMaMH ao h nocAe annMHHauHii xpomocom AaeT B03M0 >k- 
HOCTb npeAnoAaraTb HaAHMHe peryAHTopHbix reHOB. 


nPOflyKHMH AJIKOJIOM^A BM^A DATURA INNOXIA B KYJlbTyPE TKAHEfl 

T. BEP3AP nETPM, AMHb XYflH KET h E. CEKE 

ABTopbi Bbipa>KHBajin KyAbTypbi TKaHefi H3CTe6jieH h KOpHefi Ha arapn3Hp0BaHH0H cpeAe 
MypacHre-CKyr npH ocbcihchhh b 2 500 aiokc, a TaK>ne h b TeMHOTe. Ohm ycTaHOBHAH, mto b 
K yjibTypax TKaHew, BbipameHHbix Ha CBeTy coAep>KaHHe aAKaAOHAa Bbiiue. Oah3ko b xa>KAofi 
KyAbType TKaHii koahmcctbo ajiKajioHAa ropa3Ao HH>Ke, mcm y ncxoAHoro MaTepnaAa (oAHoro- 
AHMHbie h AByxroAHMHbie KyjibTypbi). B 6oAee 3HaMHTejibH0M KOAHMecTBe mo>kho 6biA0 HattTH He 
3TepH(|)HUHpOBaHHbie I! HOpeoeAHHeHHH. CpeAH aMHHOKHCJlOT 0T HenocpeACTBeHHbix npeKypco- 
poB HMeAHCb TOAbKo CAeAbi. ripnOaBACHHe 3 l4 C (})eHHJiaAaHHHa topmo3hao o6pa30BaHHe aA- 
KaAOHAOB, TorAa KaK 2 I4 C aceTaT HaTpHH xopomo BCTpaiiBaAca h noBbimaA coAepwaHHe aA¬ 
KaAOHAa. 
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